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SUMMARY
This thesis examines the diagnosis of death by drowning using 
the presence of diatoms in the organs of putative drowned 
subjects.
A method of diatom extraction has been devised and evaluated 
which allows 100g samples of wet tissue to be treated. The organs 
are freeze-dried and then ashed at 550°C, and every effort has 
been made to reduce the risk of contamination by diatoms from 
reagents and glassware.
Diatoms have been recovered from the organs of non-dr owned 
subjects. These diatoms, which include Hantzschia amohioxys, 
Pinnularia borealis, Cyclotella comta and Melosira granulata, are 
commonly found on soil and other aeriel habitats, and can be 
swept into the air by air currents. The organs of non-dr owned 
subjects also contained fragments of Coscinodiscus sp., which 
appeared to be of fossil origin. Many domestic products in normal 
use incorporate fossil diatomaceous earth containing fragments of 
Coscinodiscus sp.
The ability of diatoms to enter the living mammalian body can 
be seen by examining the diatoms in the organs of seals. These 
animals are exposed constantly to diatoms in their environment, 
and consequently their organs normally contain many diatoms 
deriving from their marine environment.
Diatoms also enter the organs during the drowning process, 
and it is imperative that the diatoms originating from the 
drowning medium be differentiated from those which may have 
entered the body during life. Few diatoms were seen in the 
femoral bone marrow of drowned subjects, whereas diatoms from the 
drowning medium could often be found in the liver, brain and 
kidney. Many diatoms were usually found in the lung of drowned 
subjects.
The presence of diatoms in the lung, and the presence of 
diatoms of the same species in other organs is an indication that 
drowning has occurred.
If the "diatom method" is to be used, it is essential that 
contamination risks are kept to a minimum, that fossil and 
airborne diatom types are recognised and eliminated and that the 
diatoms are examined by an experienced diatomist. If these 
conditions are met, then the diagnosis of death by drowning using 
the presence of diatoms in the organs of putative drowned 
subjects is valid.
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1INTRODUCTION
Lord! Lord! me thought what pain it was to drown 
What dreadful noise of water in mine ears!
What sight of ugly death within mine eyes.
Shakespeare, Richard III
21 INTRODUCTION
1.1 Background
1.1.1 When confronted with a body taken from water, a 
pathologist is usually asked: "Did this individual drown, or was 
he dead before entering the water?". The cause of death may be of 
great significance in any subsequent legal proceedings, and the 
correct diagnosis of whether death was due to drowning is 
therefore very important.
1.1.2 In the years 1975-1977 approximately 2,800 individuals 
drowned in England and Wales according to official statistics 
(Home Office Scientific Advisory Branch, 1979a,1979b). Luff 
(1895) gives an even higher figure of 3239 deaths from drowning 
in one year, based on the Registrar General1 s Report of 1892. 
Drowning is no less common in other countries, and Timperman 
(1969) has observed that 297 drownings occurred in Ghent between 
1956 and 1957, and these drownings accounted for 15% of all 
autopsies. It should be pointed out however, that Ghent has an 
extensive canal and river network running through the city, and 
the relatively large number of drownings may be abnormally high.
3Wiggins and Luke ( 1970) found that drowning was the fourth 
commonest accidental cause of death in the United States of 
America as a whole, accounting for 7% of fatalities: 
approximately 5,700 cases per year. Figures published by the 
American National Safety Council (1983) show a similar level of 
6,200 deaths by drowning in 1982, and their analysis identifies 
90% of fatalities associated with small boats as being caused by 
drowning. According to the data collected by the National Safety 
Council, drowning has a death rate of 2.7 cases per 100,000 of 
the population. Whilst this figure is substantially less than the 
reported figure of 19.9 cases per 100,000 for motor vehicle 
accidents, it is greater than corresponding figures for deaths 
caused by falls (2.2) and poisoning (1.9).
1.1.3 Labrune (1972) reported 2,000 deaths per year due to 
drowning in France, and pointed out that one quarter of these 
accidents were to children of 5 and under. The American National 
Safety Council reported that in 1979, 11% of drowning fatalities 
involved children under 5, and that 25% involved children under 
14.
1.1.4 Drowning is therefore a major cause of accidental 
death, and it is to be expected that most of the individuals
4whose bodies are recovered after being drowned will be subjected 
to a coroner ' s enquiry, preceded by autopsy.
1-1.5 In cases where there are eye-witness accounts of
accidental drowning or suicide, followed by autopsy and 
histopathological examination of a quickly recovered body, the 
coroner and the pathologist may have little difficulty in 
establishing drowning as the major contributory factor causing 
death.
1.1.6 The diagnosis of death by drowning using
histopathological methods is far from straightforward (Knight, 
1976; Anon, 1981), since there are no signs that indicate 
drowning alone as the cause of death (Eckert and Hirsch 1977). 
The diagnosis of death by drowning is often made by the exclusion 
of other causes of death, together with the circumstances 
surrounding the case, if they are known. This is obviously 
unsatisfactory from both a scientific and legal point of view. In 
addition, the body may be decomposed, it may have been severely 
fragmented or dismembered by the mechanical action of ship's 
propellors, lock gates or aquatic animals during its passage 
through the water. In these cases, histopathological methods of 
diagnosis are often inadequate, and the pathologist may turn to 
other diagnostic methods.
51.1.7 Postmortem changes affecting the body are dependent 
upon several factors such as temperature, water quality and 
weather conditions. Most of these changes are deleterious. The 
generation of gases by decomposition may cause the body to float 
after 6-10 days in average cool temperate weather conditions 
(Simpson, 1979). Warmer weather, or sewage and other pollutants 
in the water will accelerate this process, whilst clean, cold 
water may preserve the body longer from the effects of 
decomposition. The weighted body of a woman found at the bottom 
of a deep, cold and unpolluted lake in the North of England 
showed remarkably few signs of deterioration after seven years 
submersion. The formation of adipocere usually requires some 6 
months in Britain, but Simpson (1979) reports that sun-heat, rain 
and the warmth generated by maggot infestation may accelerate the 
process to as little as 25 days.
1.1.8 In extreme cases, the body is completely skeletonised
(Ferris and Stockdale, 1972), or reduced to a few bones lightly 
clad in adipocere (Peabody, 1977). Occasionally, severed limbs or 
partial torsos are cast up on the shore. The search for a 
reliable method of diagnosing death by drowning in these 
subjects, unsuitable for strictly histopathological treatment, 
led to investigations of the chemical changes involved in 
drowning (e.g. Spitz, Silverman and Michaelis, 1969; Schwar,
61972), and into the use of diatoms as indicators of death by 
drowning.
1.1.9 The use of diatoms as indicators of drowning is a 
controversial subject attracting opposing views from many 
authorities. Timperman (1972) said that "the results can usually 
be considered as decisive", but added that "there will 
occasionally be doubtful results which will then have to be 
interpreted with the necessary caution". Rushton (1961) was of 
the opinion that "this (diatom) technique ranks as one of the 
major forensic discoveries in the diagnosis of drowning", but 
went on to remark that the presence of diatoms provides 
supportive evidence rather than proof.
1.1.10 Spitz and Schneider (1964) however, considered that 
the diagnosis of death by drowning based on the finding of 
diatoms in the tissues of subjects thought to have drowned was 
doubtful, and Eidlin (1968) said that the observation of plankton 
in the internal organs and tissue is not particularly convincing 
proof, compared with other indications of drowning.
It appears therefore that whilst some pathologists are 
prepared to accept the so-called "diatom test" (or at least with 
some reservations), others dismiss it as being near worthless.
71.1.11 fcfone of the non-hi stqpathologial methods can be shown 
to give unequivocal results, and the diagnostic value of the 
evidence m y  be reduced by an incomplete understanding of the 
factors involved. In this study the method of diagnosing death by 
drowning by the presence of diatoms in the body is evaluated.
1.2 PREVIOUS REVIEWS.
1.2.1 Several authors have reviewed the subject of diatoms 
and drowning, e.g. Holden and Crosfill (1955), Rushton (1961), 
Thomas, van Hecke, and Timperman (1961,1963), Timperman 
(1969,1972), Giertsen (1977) and Peabody (1980). Gualdi (1968a, 
1968b) has published a review in Italian, Eidlin (1968) in 
Russian, whilst Mikami et al., (1959) and Kbseki (1968) refer to 
work in Japanese. A short review of drowning is also available in 
Spanish (Anon., 1976). Many important papers were originally 
published in German, e.g. Mueller and Gorgs (1949), Otto (1961), 
Petersohn (1963), and Schneider (1969). The pioneer work in 
diatoms and drowning was published in Hungarian (Tamaska 1949, 
Incze et al., 1951).
1.2.2 As far as can be ascertained, none of the previous 
workers in this field have been diatomists, with the exception of
8Geissler and Gerloff (1966), Hendey (1973) and Foged (1983) who 
have brought a specialised knowledge of diatoms to the subject.
1.2.3 A great many important papers dealing with the problem 
of diagnosing death by drowning using the diatom test are not 
normally accessible to English speaking forensic scientists, 
written as they are in Hungarian, Japanese, Polish, Russian, and 
German. Where necessary, these works have been translated.
1.3 DROWNING MECHANISMS.
1»3.1 One of the complications inherent in the diagnosis of 
death by drowning is that there are numerous ways in which 
subjects can die whilst in water, loosely compounded under the 
term "drowning" (Rushton,1961; Miles, 1968; Camps,1969). Giertsen 
(1977) maintained that drowning is death through the aspiration 
of fluid into the air passages. Deaths from laryngeal spasm, 
vagal inhibition and shock caused by submersion in water are not, 
strictly speaking, death by drowning (Buhring and Spies 1979). 
This view is no doubt correct, but the pathological signs of 
these various types of death by submersion may be obscured or 
absent in decomposed or dismembered bodies. Cases of death 
occurring whilst the subject is in water, but without water
9entering the lungs and bronchial passages have been termed "dry 
drowning". Because water or particulate material from the 
drowning medium does not enter the blood system or the major 
organs of the body, this type of "drowning" cannot be diagnosed 
by the diatom test, and will concern us no further in this 
present study.
True drowning, or death by aspiration of water is the result 
of different processes, depending on whether death occurs in 
freshwater or in the sea.
1*3.2 Drowning in freshwater leads to haemodilution,
haemolysis and a lowering of the mineral salt concentration, 
especially plasma sodium. Plasma potassium is increased because 
the sudden hypotonicity of the plasma lyses red blood cells, 
releasing potassium. These factors lead to ventricular 
fibrillation and death. Drowning in salt water leads to 
haemoconcentration, causing pulmonary oedema with rises in plasma 
sodium, magnesium and chloride. Less fluid transfer takes place 
because blood and sea-water are almost isotonic. Death may be due 
to hypoxia in both seawater and freshwater drowning (Modell, 
1978).
The pathological changes observed in the alveolar structure 
of laboratory rats has been discussed by Brinkman et al. (1983). 
They are of the opinion that " electron- microscopic expertise
10
can only be an additional instrument in the diagnosis of death by 
drowning in a very few cases. " The tissue undergoes autolysis 
which counteracts the improved resolution gained by electron 
microscopy.
1.3.3 Suzuki et al. (1985) suggest that even competent 
swimmers may drown after inhaling water. When water was 
introduced into the trachea of dogs during laboratory 
experiments, the dog responded with irregular breathing, a 
decrease in heart rate and lowered blood pressure. If the animal 
was already exhausted, death followed quickly by vagal inhibition 
on inhalation of water.
1.3.4 Subjects of near drowning, that is those who were 
recovered from the water and resuscitated, could be discharged 
after hospitalisation without inpaired cerebral function if they 
had not lost consciousness during the drowning process, or had 
done so for short periods only (Thomsen and Christensen, 1974). 
The effect of low temperature on survival of drowning has been 
discussed by Sutherland (1984), who examined several cases of 
near drowning in cold Canadian lakes at less than 210F. He 
suggests that hypothermia coupled with the "mammalian dive 
reflex decreases the heart rate and oxygen demand, whilst 
keeping essential organs supplied with an "adequate" blood
11
supply. Individuals may be submerged for over 30 minutes, show no 
signs of life on their removal from the water, but make a 
complete recovery some 16 hours later. Although in summer the 
surface temperature of Canadian lakes rises above 70°F, the 
temperature below the thermocline may be less than 65°F. Knight 
(1976) also refers to a case of successful resuscitation after 30 
minutes submersion in very cold sea water.
Fresh water is more likely to be fatal as a drowning medium 
than salt water drowning, because of the massive electrolyte and 
osmotic imbalance caused by the former. Seawater is more nearly 
isotonic with human body fluids and has less immediate disruptive 
effects cxi the metabolism.
1.3.5 The "diatom test" may only be of use in cases where
death has occurred by the aspiration of water, since in this way 
it is assumed that diatoms are introduced into the body from the 
drowning medium, whether freshwater or saltwater. The 
concentration of diatoms in the drowning medium is governed by 
complex ecological factors not discussed here. The numbers of 
diatoms present in the organs of a drowned subject is therefore 
directly related to the numbers of diatoms in the drowning 
medium.
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1.3.6 Jaaskelainen (1968) examined the bodies of 10 subjects 
who drowned vhilst under the influence of alcohol. He found that 
8 of these subjects whose blood alcohol level was between 190 and 
353 mg % showed diatom levels in their organs of the same 
magnitude as 5 control subjects who had drowned, but had zero 
levels of blood alcohol. On the other hand, 2 subjects with blood 
levels of 360 and 410 mg % had no diatoms in their organs. 
Jaaskelainen ascribed this to defective reflexes due to 
intoxication.
1.4 EARLY WORK ON DROWNING.
1.4.1 Guy (1861) described the appearances of drowned
subjects, i.e. those who had died by inhalation of water. He 
observed that "the trachea and larger bronchial tubes contain 
water which sometimes penetrates to their most minute 
ramifications. Sometimes the water is in such quantity as to fill 
the whole of the air passages, and it occasionally carries with 
it portions of slime or mud, and fragments of aquatic plants." 
Guy went on to remark that the stomach almost always contains 
water, sometimes in considerable amounts. However, in death by 
shock (syncope), little water is present in either the air 
passages or in the stomach. When Guy drowned rats in a suspension
13
of chalk in water, he found that all parts of the lungs of these 
drowned rats effervesced on treatment with acids.
1.4.2 Almost 20 years later, Brouardel and Vibert (1880) 
conducted a series of experiments on drowning dogs. They showed 
that in death by prolonged submersion, a quantity of water equal 
to a third or a quarter of the subject's blood volume entered the 
circulation when submersion was 20 minutes or more, but that 
little or no water entered when the submersion was only 3-4 
minutes. These findings were not entirely substantiated 70 years 
later by Swann and Spafford (1951), who found that after only 3 
minutes submersion in freshwater, the original blood volume could 
be diluted by an equal volume of water.
It fell to Revenstorf ( 1904) however, to examine the 
penetration of diatoms into the lung of drowned subjects, and it 
is this work which began the association between diatoms and the 
diagnosis of death by drowning.
1.4.3 Revenstorf himself credits Hofmann with the discovery 
in 1896 of diatoms in fluid from a dissected lung section, but it 
was Revenstorf who attemped to correlate the presence of diatoms 
in lungs with the diagnosis of drowning. He examined the fluid 
draining from lungs of persons suspected to have drowned, and
14
carried out acid digestion of old lungs which had been mummified 
or converted to adipocere.
Revenstorf examined 107 cases and found plankton in 98 
instances. He goes on to say that it is probable that very small 
plankton organisms get into the blood occasionally and in small 
numbers, along with the absorbed drowning medium fluid. 
Unfortunately, Revenstorf was unable to show the presence of 
diatoms in the blood of those cases he examined, and could only 
surmise that diatoms entered the blood system from the lungs. He 
emitted to examine any organs besides the lungs for the presence 
of diatoms, although algae found in the stomach were ignored as 
reliable indicators of drowning, on the grounds that living 
subjects often have considerable amounts of algae in the stomach, 
presumably through ingestion of unwashed food, e.g. shellfish, 
watercress, celery etc..
1.5 DEVELOPMENT OF THE DIATOM MEIHOD.
1.5.1 Although the work of Guy (1861), Brouardel and Vibert
(1880), and Revenstorf (1904) indicated that particulate material 
and diatoms are carried into the lungs from the drowning medium, 
and that water passes from the lungs into the blood circulation, 
little seems to have been made of these findings for almost 40
15
years. Bdhmer (1940) went so far as to say that "the presence of 
plankton organisms in the blood and lymphatic systems had not 
been demonstrated, and it thus appears that plankton is filtered 
out in the pulmonary alveoli".
1.5.2 Two years later Incze (1942) published a short review 
of his research in Hungary. This important work, the first to 
report the presence of diatoms in organs other than lungs in 
cases of drowning passed largely unnoticed, probably due to 
wartime conditions. The translated text reads : "Twelve rabbits 
were drowned under ether narcosis in a dilute aqueous suspension 
of kieselguhr. In all cases diatoms could be found not only in 
the blood of the left ventricle but also in the blood of several 
areas of the heart, and in the parenchymatous organs. The study 
of 8 drowned subjects led to similar results.
In the lung alveoli of dead rabbits whose corpses were 
introduced into an aqueous diatom suspension and agitated 
continually under the water surface for 30 minutes, diatoms were 
likewise found.
On the basis of these research results the presence of 
diatoms in the lung alveoli is still not certain proof of 
drowning, whereas the demonstration of diatoms in the blood 
vessels lays claim to be a vital reaction. This research was 
based only on fresh corpses."
16
1.5.3 These findings of Incze (1942) contradict the results 
of similar experiments of Muller and Marchand (1929), who found 
no foreign bodies in the lungs of a dead dog immersed in an 
aqueous suspension of algae, carbon particles and vegetable 
particles for 5 weeks. Muller and Marchand also obtained negative 
results with the lungs and organs of a dead rat immersed in an 
aqueous suspension of lycopodium powder for two weeks.
1*5.4 Tamaska (1949) followed up this work of Incze by using 
bone marrow as a source of diatoms, and selected femoral bone 
marrow as being most suitable. He maintained however, that any 
bone marrow is usually acceptable. Tamaska investigated the 
c^rPses of three women recovered from the Danube, one of whom was 
seen to jump by several witnesses. He found diatoms in the bone 
marrow of all three subjects, in the left heart of one, and in 
the lungs and blood of another. He also examined the corpses of 
seven subjects taken from the Danube some time after being 
machine gunned to death during the war. None of these subjects 
drowned, and Tamaska did not find any diatoms in the bone marrow.
I*5.5 Nbrthcott and Green (1979) examined 34 sternal bone 
marrow samples, 31 of which were from subjects who had died from 
causes other than drowning. Of the remaining three subjects, one 
died from a heart attack in the bath, and two from drowning.
17
Thirty three of these sternal bone marrow samples contained no 
diatoms including the 2 samples from drowned subjects.
The remaining sanple (from a man who died of a heart attack) 
contained three diatoms. Nbrthcott and Green point out however 
that although precautions had been taken to avoid contamination, 
the nitric acid used in the digestion may not have been diatom 
free, and that the three diatoms found may be due to 
contamination.
1.5.6 In order to examine the permeability of bone to water 
Tamaska ( 1949) soaked a bone in methylene blue for several 
months. He found that the soft parts and bone marrow surfaces 
were stained blue, but that the bone marrow showed no 
discolouration either to the naked eye or by microscopy. The 
conclusion was that not only did the presence of diatoms in the 
bone marrow indicate death by drowning, but also that "the 
negative results of diatom studies carried out with bone marrow 
may therefore contradict drowning". It would be more correct to 
say that this study shows the permeability of bene marrow and its 
surrounding tissue to methylene blue.
However, Koseki (1969) soaked fresh dog bones in india ink, 
starch suspension, and pondwater diatoms. Diatoms were found 
after 30 days immersion (albeit rarely), and ink and starch could 
also be found in the bone marrow after 30 days. This work by
18
Kbseki (1969) seems to contradict the earlier work of Tamaska 
(1949)
1.5.7 Mueller and Gorgs (1949), independently of the
Hungarian school, carried out a series of drowning experiments on 
rats in which the animals were drowned in a suspension of 
kieselguhr. Diatoms were found easily in the lungs, and were 
present also to a lesser extent in the liver, kidney, brain and 
left side of the heart. No diatoms were found in the spleen, 
which Mueller and Gorgs account for by the ischaemia seen in this 
organ observed in many cases of drowning and asphyxia. Kovacs- 
Nagy (1953) however, showed that the reticular cells of the sub­
capillary bed of the spleen, and the lymphocytes found there, 
take up material from the drowning medium.
1.5.8 Mueller and Gorgs (1949) also carried out a series of 
experiments designed to show at what stage in drowning diatoms 
v«re transferred from the lungs to other organs. Rats were either 
near-drowned up to the verge of apnoea, removed from the drowning 
medium and killed in an atmosphere of carbon dioxide, or taken to 
apnoea in carbon dioxide, removed into a kieselguhr suspension 
and drowned. Some of the rats were anaesthetised, others were 
not. There was no significant difference in diatom content
19
between the two sets of animals, except that those immersed in 
the liquid for only 30 seconds had fewer diatoms in their organs.
1.5.9 The pioneer studies of Incze (1942) and his Hungarian 
co-workers (1955a, 1955b), Tamaska (1949,1961), and of Mueller 
and Gorgs (1949) have been repeated and examined by Thomas, van 
Hecke, and Timperman (1961,1963) and Timperman (1969,1972), 
working in Ghent (Belgium). The Belgian school, generally 
speaking, agrees with the Hungarians that the presence of diatoms 
in certain organs indicates death by drowning. Indeed Timperman 
(1972) goes so far as to say that "the presence of a single 
diatom in femoral bone marrow is consistent with drowning as a 
cause of death". This rather extreme view has now been tempered, 
and the presence of a single diatom would not now be the basis 
for such a diagnosis (Tinperman 1979).
1.5.10 If diatoms were only found in human organs after
death by drowning, then their presence alone would be the answer 
to many questions in its diagnosis. Otto (1961) reported on 
workers in the kieselguhr industry who had contracted silicosis 
through continuous inhalation of diatoms, and who had a diatom 
load in the lungs without, of course, having drowned. Spitz 
(1963) and Peterschn (1963) showed diatoms to be present in the 
major organs of non—drowned subjects, and came to the conclusion
20
that the diatom test was worthless. Schneider (1969) found up to 
6 diatoms in 50g of liver when he examined the organs of 20 non­
drowned subjects, although he found up to 214 diatoms in the 
liver of a drowned subject, and up to 246 diatoms in the 
musculature. Porawski (1966) also found diatoms in the lungs, 
kidney and bone marrow of non-drowned subjects, and Kbseki (1968) 
reported their occasional presence in the lungs (and rarely in 
the liver and kidney) of non-drowned bodies.
1.5.11 On first examination, these findings suggest that the 
presence of diatoms in the vital organs is not a reliable 
indication that drowning has occurred. Indeed, if these results 
were consistently found, then no more need be said, and the 
diatom test summarily dismissed. However, Table 1 shows that this 
is not the case. Tamaska (1949) found no diatoms in the bone 
marrow of 7 subjects who were shot dead before entering the 
water, and Mueller (1963) did not find diatoms in the livers of 
30 non-drcwned bodies, or in 10 lungs and 6 kidneys. In New York 
State, Neidhart and Greendyke (1967) failed to find diatoms in 
the organs of 15 non-drowned bodies. In 104 non-drowned subjects 
Sliwka (1977) failed to find diatoms in 68 kidneys and livers, or 
in 37 lungs. Diatoms were also absent from 77 out of 88 heart 
blood samples.
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Table 1
A summary of the published data on the presence of diatoms in non- 
drowned subjects.
No. of samples with (+) and without (-) diatoms
LUNG LIVER KIENEY MARROW
+ - + - + - +
Tamaska (1949) 0 7
Otto (1961) 23 5
Mueller (1963) 0 10 1 29 0 6
Spitz and Schneider (1964) 21 1
Janitzki (1964) 2 6 0 8 1 2 0 8
Geissler and Gerloff (1966) 11 0 12 0 10 0
Porawski (1966) 1 18 1 18 1 18
Neidhart and Greendyke (1967) 0 15 0 6 0 6
Koseki (1968) 5 26 1 30 3 21
Schneider (1969) 7 13 6 14
Tinperman (1969) 6 16 6 12 1 1
Sliwka (1977) 67 37 36 68 36 68
Schellman and Sperl (1979) 15 1
N.B. This table shows how many times diatoms were found in the organs 
of non-drowned subjects, e.g. Otto (1961) examined the lungs of 28 
subjects and found diatoms in 23 of them. He did not find diatoms in 
the lungs of the remaining 5 subjects.
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1.5.12 This confusion between workers who have found diatoms in 
the organs of the non-drowned, and those who have not, is at the very 
centre of the credibility of the diatom test as a reliable means of 
diagnosing death by drowning.
1*6 ORIGIN OF JIHE NON-DROWNED.
1.6.1 Diatoms are almost ubiquitous throughout the world wherever 
moisture, light and nutrients are available. There are more than 
10,000 described species both living and fossil, freshwater and 
marine. In rivers, lakes and seas etc., the diatoms vary in numbers 
and types both geographically and seasonally (Hendey 1964; Patrick and 
Reimer 1966; Peabody and Whitton, 1968), since diatom communities are 
sensitive to a wide range of complex ecological factors.
Diatoms occurring naturally on soil, moist walls and other 
aerophilous habitats form a specialised community, the constituent 
species of which are easily recognised (Lund 1945).
1.6.2 Some of these naturally occurring forms are swept into the 
air (Geissler and Gerloff, 1966; Schlichting, 1969) and carried 
considerable distances (Darwin 1845; Game 1964; Delany, et al., 1967). 
Ihe British Isles frequently receive windborne particulate material 
from the Sahara (Tullet 1980,. Pringle and Bain 1981, and Coude-
)
H
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Gaussen and Rognon 1983). This Saharan dust very often includes 
diatoms (Seyve and Fourtanier 1984, Coude-Gau s s en 1984) . These 
airborne diatoms may be inhaled passively into the lungs.
1.6.3 Combustion derived aerosols have been found in areas of the 
North Atlantic remote from shore ( Andreae 1983). Belt et al., ( 1936) 
showed that the presence of silica particles in lung and other organs 
was a normal pathological finding, but did not apparently note any 
diatoms during his examination of 19 cadavers.
1.6.4 Dayan et al. , (1978) have shown that monkey species 
inhabiting dry, dusty areas in N. India had many diatoms in the lungs, 
whereas monkeys from the S.American rain forests had none. They 
suggested that South American animals were not exposed to airborne 
diatoms to the same extent as monkeys from Northern India. There are 
few reports of diatoms in the lungs of other animals, but Koseki 
(1968) found diatoms in the lungs of mice, rats and guinea pigs.
1.6.5 Geissler and Gerloff (1966) investigated the possible
origin of diatoms in 13 non-drowned bodies in Berlin, and reported 
that most of the diatoms found were species similar to the diatoms 
found in the River Havel which flows through Berlin, although some 
were marine in origin and could not therefore have originated locally. 
The airborne diatoms of Berlin, which Geissler and Gerloff also
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studied, were likewise similar to the Havel diatoms, and amounted to 
between 100 and 7795 diatoms per 500 m3 of air. During the course of 
these investigations Geissler and Gerloff found diatoms in the organs 
of still births and premature births, which led them to the conclusion 
that the diatom test could not even be used in drowned infants.
1.6.6 Mueller (1963) showed that diatoms can pass from the air to 
other organs. He found diatoms in the kidneys, liver and 
gastrointestinal tract of rats killed 5 days after inhaling laevigated 
diatomaceous dust for 3 hours. Mueller failed to find diatoms in the 
lungs of these animals, which he thought surprising, but which might 
more accurately be described as incredible.
1.6.7 Mueller1 s findings do not coincide with the experience of 
Brieger (1963) who found that, after exposing rats to particles of 
insoluble dye for 7 hours, half the dust load of particles 6p in 
diameter had been removed in 31 hours. Particles 2p in diameter had a 
biological half-life of 177 hours. The rate of removal decreased as 
the level of the remaining dust load fell, and therefore small amounts 
of the dust load would persist in the lungs for a considerable time. 
Brieger maintained that the mode of transport of dust particles from 
the lungs was by movement in the mucous blanket from the terminal 
bronchioles in the pharynx, propelled by the cilia of the tracheo­
bronchial surface epithelium.
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1.6.8 Airborne diatoms are not the only source from which diatoms 
may be introduced into the lungs. An unlooked for source of diatoms is 
m  the wrappers of certain cigars. Langer et al.. (1971) commented on 
their presence as an additive in reconstituted tobacco sheets, which 
are used in the manufacture of cheaper cigars. Diatoms present in 
these cigars survived the heat of burning and could be detected in the 
cigar smoke and ash, although they were rather fragmented. Individuals 
smoking such cigars could well inhale diatoms, or at least introduce 
them into the buccal cavity.
1.6.9 A second source of diatoms in non-drowned subjects is in 
ingested material. Volkheimer and John (1962) fed PVC granules and 
starch grains to gravid rabbits, and were able to recover these 
materials from the foetal pleural and abdominal cavities, connective 
tissue of costal periosteum, vitreous humour and lens. In view of the 
apparent ease of movement across the placenta, perhaps it is not 
surprising that Spitz (1963) recovered diatoms in 92% of the organs of 
the larger circulation of rats fed on a kieselguhr supplement, up to a 
maximum of 86 in a spleen weighing 1.5gr. However, almost half of the 
control rats contained diatoms, up to a maximum of 88 in a kidney 
weighing 2.0gr. Spitz ascribes these findings to contamination by 
water and airborne diatoms.
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1.6.10 Diatoms form a large part of the diet of many
organisms eaten by Man, e.g. oysters, scallops and cockles, and 
are an important sector of the food web of many animals 
(Plante-Cuny 1981, Plante-Cuny and Plante 1984). In addition, 
diatoms adhere to the stems and leaves of salad and root crops. 
It is quite natural therefore that Man should ingest (albeit 
unwittingly) large amounts of diatoms with his diet. Some of 
these may leave their allotted path in the alimentary canal and 
find their way in other parts of the body.
1.6.11 Apart from the proven possibilities of inhalation and 
ingestion of diatoms, there is a third source of diatoms which is 
probably the most difficult to quantify; that of contamination of 
glassware and reagents. Since only a few diatoms are likely to 
be recovered from bone marrow for instance, a relatively low 
level of unsuspected diatom contamination on imperfectly cleaned 
glassware may give rise to spurious positive results. The 
avoidance of contamination is therefore of paramount importance, 
and must play an integral part in the design of experiments and 
analytical techniques.
1.6.12 The materials used in this study were accepted on the 
understanding that all necessary precautions were taken to avoid 
contamination during post-mortem sampling.
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EXTRACTION' METHODS
That young man has a secret way peculiar to himself, of getting 
a.t a ooy, at his heart, and at his liver.
Dickens, Great Expectations.
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2.1 INTRODUCTION
The method by which diatoms are extracted from the organs 
under examination is of major importance when considering the 
acceptability of the test, and may have contributed to the 
uncertainties surrounding it. Some extraction methods are less 
suitable than others, but little or no data have been available 
until now regarding the efficacy of any of these methods in terms 
of the numbers of diatoms recovered, or the level of 
contamination risks.
Because of their widespread applications, it is helpful to 
discuss here those methods which have been used to extract 
diatoms from organs, and to outline their advantages and 
disadvantages, before describing a new method which effectively 
minimises the risks of contamination, and which is neither labour 
intensive nor prodigal of resources.
2.2 REVIEW OF EXTRACTION METHODS
2.2.1 Acid digestion
The majority of workers have used some form of 
acid digestion to release diatoms from the organs under 
investigation. The organ sample is usually digested using 
concentrated sulphuric and nitric acids , although Holden and
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Crosfill (1955) and Khattab (1975) recommend using concentrated 
nitric acid only, on the grounds that frothing and charring are 
lessened in a Kjeldahl flask. This method can accommodate large 
amounts of tissue, and Geissler and Gerloff ( 1966) for instance 
used as much as 200g of liver. The volume of acid is maintained 
by "topping up" during the boiling process. This method is well 
tried, and has proved to be a successful way of digesting large 
amounts of organs.
2.2.2 With regard to the diatom test however, the wet 
digestion method has certain inherent disadvantages which are not 
easy to overcome. It is difficult, though not impossible, to 
render large amounts of concentrated acids completely diatom 
free. Membrane filtration or centrifugation are effective ways of 
achieving this, but not all workers who have used this acid 
digestion method have reported taking this necessary precaution. 
Korsakov and Yakimova (1983) for example, omit any reference to 
the cleaning of reagents. This is particularly important in the 
case of concentrated nitric acid since diatoms can be found in 
batches of commercially available reagent (Rees and ,Strong 1977). 
These contaminating diatoms probably originate from the 
commercial practice of filtering nitric acid through kieselguhr.
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2.2.3 A second disadvantage to the wet digestion method is 
the contamination risk from the reaction vessel itself. Kjeldahl 
flasks are not usually regarded as disposable items, and the 
problems associated with ensuring that used flasks are completely 
diatom free for the next digestion are such that this aim is 
unlikely to be achieved. It is difficult to ensure that all the 
diatom cells are removed from the inner surfaces of a Kjeldahl 
flask, which has a complex internal geometry. Complete removal is 
made more difficult in flasks which have been used several times 
when the surface may become scratched and pitted, and diatoms 
could become lodged in small crevices to be released in 
subsequent experiments.
2.2.4 The possibility that diatoms might adhere to the walls 
of glassware was tested by examining the inside of test tubes in 
which diatoms had been boiled in concentrated acids. The diatom 
suspension was thoroughly washed four times in distilled water 
before the entire suspension was discarded. The tube was broken 
and the inner surfaces examined by a Scanning Electron Microscope 
(SEM). Several diatoms were found adhering to these surfaces. 
These diatoms are therefore not observed as diatoms recovered 
from the tissues under consideration, but yet could be released 
as an unsuspected contaminant in a subsequent digestion. It is 
important therefore to use glassware and other containers once
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on-^ y» after they have been thoroughly washed in diatom free 
distilled water.
2.2.5 Enzyme digestion
The digestion of organs with the enzyme Subtilisin 
Carlsberg after the method of Osselton et al. (1977) has been 
described by Watson and Oliver (1979). The enzyme digestion 
method is currently used to release drugs and their metabolites 
from organs, and is satisfactory for relatively small amounts of 
tissue. This method only requires the addition of water and 
buffer solution to the enzyme and organ. The reagents and the 
reaction vessel (usually a conical flask) are easily cleaned, and 
the flask can be regarded as disposable or recycled to other 
uses.
Vfotson and Oliver (1979) used Ig of lung, but this is far 
too small a sample for the diagnosis of drowning since the 
numbers of diatoms in Ig of an organ such as liver will be very 
low indeed. When samples of 50g are used, the end product is an 
organic slurry which either needs even larger amounts of 
expensive enzyme, or treatment with at least 100ml of 
concentrated acids. There is no point in partial digestion by 
enzymes if the remainder of the digestion still carries all the 
contamination risks inherent in the wet digestion method.
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Further treatment by subtilisin of bone marrow and to a 
lesser extent brain tissue, led to fat contained in the tissue 
being released and floating on the surface. It is possible that 
some diatoms remain trapped in this fat layer, and it cannot be 
discarded before any diatoms are removed. Its removal and 
treatment by defatting adds several more manipulations to a 
method already burdened with serious drawbacks.
2.2.6 Bromelain and papain were ineffective in digesting Ig
sanples of brain, liver and lung at concentrations of 2mg/ml.
After incubation for 1 day at 50°C, the blood contained in the
organs dissolved, but there was no discernable breakdown of 
tissue.
2-2.7 Solubilisation
It is possible to dissolve tissue with solubilisers, usually 
quaternary ammonium conpounds (Durigon and Eliakis 1977). Using 
this method, and coupled with homogenisation by direct 
ultrasonication, Fukui et_al. (1980) dissolved 10g of tissue in 
30 minutes, but longer times were experienced if less heroic 
ultrasonicat ion treatment was used. Durigon and Eliakis reported 
that mouse lungs were dissolved in three days by 5ml of Soluene 
and recommended that the volune of the tissue to be dissolved 
should be at least 10 times smaller than the volume of
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solubiliser. Thus solubilisation suffers from the same
restrictions as enzyme digestion: large amounts of reagents are
required if samples of 50g or more are to be processed. The
introduction of an ultrasonic probe into the reaction mixture
represents another possible source of contamination, and
ultrasonication itself is liable to fragment diatom frustules.
Without ultrasonication the times required to solubilise organs
are unacceptably long. A point in favour of solubilisation is
that the end product is clear and can be passed through a 
membrane filter.
2.2.8 Low temperature ashing
Organic material can be ashed at low temperatures in a 
stream of reactive oxygen produced by inducing an electric 
discharge in oxygen at low pressure (Gleit and Holland 1962). 
This is also known as plasma ashing. Combined hydrogen, carbon 
and nitrogen are converted to volatile oxides, leaving a mineral 
deposit and a small amount of unreactive organic material. This
method is used in elemental analysis of small amounts of tissue, 
usually less than Ig.
2.2.9 The time required to deal with 20g of sample proved to 
be a matter of days, and it was necessary to divide the sample 
into aliquots to achieve even this. Although the end product was
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a finely divided mineral powder, easily soluble in small amounts 
of acids, the time required to reach the end point, and the 
division of the sample into several sub-samples is not 
acceptable. It was not feasible to treat 100g of organ by this 
method.
2.2.10 Direct Microsopy
The organ under examination can be embedded and sectioned, 
and the sectioned material examined (Vfenig and Pfanz, 1951). When 
there are many diatoms present this may be successful, but if the 
number of diatoms is small, then many sections must be examined. 
The amount of organ that can be examined in this way is low, the 
technique is time consuming, and the diatoms are often fractured. 
The identification of the diatoms was also hindered because of 
the surrounding cellular material in the section.
2.3. EXPERIMENTAL
2.3.1 None of the currently used extraction methods are 
completely suitable. They may be prone to contamination risks, be 
lengthy and time consuming, use expensive materials or be 
suitable only for small amounts of tissue.
2.3.2 Established methods of extracting diatoms from organs 
have dealt with relatively small amounts of material (Watson and
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Oliver (1979), Durigon and Eliakis (1977), and Fukui et al. 
(1980)). Since the numbers of diatoms which one might expect to 
recover from casework material is small, as large a sample of 
tissue as possible should be used. In addition, contamination 
risks must be minimised, and the technique should ideally be 
sparing of time and resources.
A new method of organ digestion was developed to meet these 
requirements.
2.3.3 Samples of organs were obtained from random post-mortem 
examinations, the only exclusions being subjects that had either 
drowned or died from an infectious disease. Samples of human 
orain, liver, and lung all originated from the same area in the 
South of England. Sterna and femurs were obtained from two 
different areas. It was not possible to obtain sterna and femurs 
from the same subjects as the other organs.
In the case of bone marrow, sternal marrow was initially 
used as a test material, since the sternum is necessarily removed 
during post mortem examination.
Post-mortem samples were stored in separate polythene bags 
at -20°C until required, when 100g samples of brain, liver and 
lung were removed and treated. It proved to be impossible to 
extract more than a few grams of pure marrow from the sternum, 
largely because of the spongy bone in which the marrow is to be
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found. The bones were therefore cut into cubes, and treated in 
samples of 100g. Bone marrow was also obtained from cattle 
femurs, where it is particularly plentiful. Bovine and human 
femurs are alike in this respect. Bone marrow was taken from the 
lumen of the cattle femur in samples of 15g, using a spatula.
2.3.4 A suspension of Didymosphenia geminata (Lyngbye) 
M.Schmidt was used as a diatom test material throughout. 
D.geminata is a large, heavily silicified diatom, and its cells 
are easily recognisable microscopically under a range of adverse 
viewing conditions (Fig. 1). A stock suspension was prepared 
which gave approximately 200 cells per 10 drops. The number of 
diatoms in this stock SusjzerMton was continually monitored.
2.3.5 Freeze Drying of brain, liver and lung.
One hundred gram samples of the organs were frozen at -20 °C 
in porcelain basins 12cm across and 5cm deep. Three of these 
basins could be accommodated in an EF4 Modulyo freeze dryer 
(Edwards Ltd.), in which the samples were processed. Freeze 
drying usually took at least 24 hours to complete, but apart from 
dividing the partially dried material from time to time with a 
scalpel to accelerate the drying process, very little attention 
was required from the operator. Heating the shelves upon which 
the basins rested did not appear to have any advantageous effect.
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Figure 1
Didymosphenia geminata
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probably because the basins had a rounded base and there was only 
minimal contact between the base and the shelf.
Sternal and femoral bone marrow, because of its very fatty 
nature and relatively low water content, was not a suitable 
material for freeze drying.
2.3.6 Ashing of brain, liver and lung.
It was necessary to determine the optimum temperature at 
which ashing should be undertaken, in order to maximise organ 
destruction and to minimise damage to the diatoms being 
recovered. Diatoms can be shown to survive heating up to 1000°C 
with only cracking and buckling of the cell structure, but the 
complex behaviour of silica with a range of compounds at these 
relatively high temperatures could jeopardise the integrity of 
the diatom structure and its ultimate recovery.
Even sutih a heavily silicified cell as D.geminata will erode 
and disappear at high temperatures in the presence of mineral 
ash.
Because of the large body of literature on the subject of 
ashing aids (Bock, 1979), the effects of several ashing aids on 
this process were evaluated, in terms of the numbers of diatoms 
recovered from the organs, and the efficiency of ashing. Ashing 
aids are normally used for two reasons. Firstly to accelerate the 
formation of an ash suitable for the purpose under consideration.
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and secondly to present the element under analysis in a soluble 
form. In the case of diatom extraction, the production of a 
soluble ash is the sole aim. Any dissolution of silica caused by 
the ashing aid is to be avoided.
2.3.7 Acid Treatment.
After ashing, about 25ml of concentrated hydrochloric acid 
was added to the residue in each bowl and boiled to dissolve 
minerals in the ash, in particular those that would form 
insoluble sulphates with sulphuric acid. After cooling, the 
resultant liquid was transferred to a new, clean "Pyrex" tube and 
centrifuged. The supernatant was discarded. To remove any 
remaining organic material about 5ml of concentrated sulphuric 
acid was added to the tube and boiled. After boiling, and whilst 
the reaction mixture was still warm, solid sodium nitrate was 
added to the acid to oxidise any carbonaceous material to carbon 
dioxide. The remaining solid particles (including any diatoms) 
were washed in distilled water and centrifuged at least three 
times. Occasionally a second treatment with concentrated 
sulphuric acid and sodium nitrate was required to remove all 
organic material.
The same basin was used for freeze drying, ashing and 
initial acid treatment.
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All the concentrated acids and the distilled water used in 
this process were pretreated by membrane filtration to ensure 
freedom from diatom contamination.
2.3.8 Treatment of Bone Marrow.
Sterna were stripped of as much fleshy tissue and muscle as 
possible and the remaining bone was cut into 2cm cubes with a 
hacksaw. These cubes were ashed in quantities of 100g and the 
residue treated by acids using the method outlined above.
2.3.9 A treatment was investigated to deal with the 
particular problem of femoral bone marrow, namely the large 
amount of fat. About 10g of femoral bone marrow was heated in a 
bowl over a water bath, and about 25ml of cycohexanone added. 
The fat/solvent mixture was removed from the bowl and passed 
through a regenerated cellulose membrane filter (Sartorius), and 
^rie filtrate discarded. The filter and its residue were returned 
to the bowl with the remaining defatted material and ashed. Acid 
treatment of the ash followed as above.
Alternatively the filter could be examined microscopically 
after being made optically clear with Oil of Cloves.
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2.3.10 Microscopy.
Material recovered after centrifugation and washing was 
dried in an oven at 330C, after the method described by Peabody 
and Burgess (1982), and summarised in Appendix 1. The material was 
then mounted in Naphrax (Northern Biological Supplies). Each 
slide was searched microscopically in its entirety with a x40 
objective. In certain cases, where the material to be searched 
was thick and threatened to mask the diatoms, counting was done
phase contrast conditions. The Anoptral phase system of 
Reichert Ltd. was particularly suitable. Standard transmitted 
light conditions were usually satisfactory, and the numbers of 
diatoms recovered in each case were recorded.
2.3.11 All the diatom material was counted by the same 
operator to standardise the counting procedure. In both the stock 
suspension and the diatoms recovered from the organs, a diatom 
was counted only if it were entire, or if a fragment contained 
the central area. A cell which had been fragmented during the 
extraction procedure would not therefore be counted as the sum of 
its fragments, since only one of these fragments would contain 
the central area. Smaller fragments were not counted, even when 
there was no doubt in identification.
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2.4 RESULTS
2.4.1 Freeze drying Brain, Liver arxü Lung.
One hundred gram samples of liver, lung and brain tissue 
were freeze dried without difficulty. The material was divided 
into smaller pieces during the process to accelerate freeze 
drying. It was not practicable to use already divided tissue 
because smaller pieces froze together in the freezer to make a 
large block of material.
One hundred grams of wet organ was reduced by freeze drying 
to approximately 30g of dry, friable material in about 24 hours. 
Occasionally, the freeze drying process took longer.
2.4.2 Ashing Brain, Liver and Lung.
A temperature of 550°C was selected for ashing. At 
temperatures below this the material was incompletely ashed after 
24 hours. Approximately Ig of material remained after ashing at 
550*0. Temperatures above 550*0 often resulted in a graphitic, 
vitreous deposit which, after acid treatment, gave a white 
insoluble material, identified by SEM/MPA and Inductively Coupled 
Plasma (ICP) as a silicate. On some occasions the graphitic 
material proved to be resistant to acid digestion, leaving an 
intractable black residue. The presence of this insoluble 
material made microscopical examination impracticable. In some
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cases after ashing at 550°C the ash contained black particles of 
organic material.This could normally be removed by acid 
treatment.
2.4.3 The effect of the pH of the ash on diatoms is worth 
considering. Silica is amphoteric and exposure to an alkali pH at 
high temperatures may result in diatom erosion. Ashing at 300°C 
produced an acidic ash, whereas ashing at 650°C produced an 
alkali ash (Table 2).
The destruction of organic material at 550°C was only 
marginally less successful than ashing at 650°C, but had the 
advantage that diatoms were not exposed to an alkali pH produced 
at the higher temperature.
2.4.4 Preliminary charring of the material at 250°C for 3-5 
hours was successful in preventing frothing and spitting of the 
sample.
2.4.5 Ashing Aids.
Several ashing aids were used in an attempt to accelerate 
ashing to an acceptable end point. Orthophosphoric acid, 
tripotassium orthophosphate, magnesium nitrate and ferric nitrate 
dissolved all diatoms at 550°C, and sodium sulphate, sodium
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Table 2
The pH of ash derived from tissues ashed at different 
temperatures.
pH
300°C Lung 5
Liver 5 
Brain 5
400°C Lung 7.5
Liver 7.5 
Brain 7.5
450°C Lung 9.5
Liver 9 
Brain 9
550°C Lung 10
Liver 10 
Brain 10
650°C Lung 10.5 
Liver 10.5 
Brain 10.5
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tetraborate and potassium hydrogen sulphate all had an adverse 
effect on the numbers of diatoms recovered. Sodium tetraborate 
also fragmented the diatom frustule, and glass was etched by 
orthophosphoric acid, sodium tetraborate, tripotassium 
orthophosphate and potassium hydrogen sulphate. Sodium chloride 
had no deleterious effect on diatom recovery, but had little 
effect as an ashing aid.
The insoluble white residue thought to be a silicate 
dissolved slightly in pyrophosphoric acid, but there was a loss 
of silica from the diatoms. Boiling in pyrophosphor ic acid 
destroyed all diatoms in 6 cases out of 10, the remaining diatoms 
suffering extreme erosion and dissolution. Thirteen percent of 
the diatom suspension was lost by standing at room temperature 
for 1 hour in 2M pyrophosphor ic acid, rising to 17% on boiling.
Silica is a relatively inert substance, but it will react 
with a variety of substances at elevated temperatures, and the 
use of ashing aids was therefore discontinued. It is probable 
that the mineral content of the ashed organs has some deleterious 
effect on the silica in diatoms at temperatures high enough for 
ashing, and the addition of further mineral material in the form 
of ashing agents merely exacerbates the position.
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2.4.6 Acid Treatment of Brain, Liver and Lung after Ashing 
After boiling with concentrated hydrochloric acid the ash
and any remaining organic material could normally be dissolved in 
a "Pyrex" centrifuge tube by the addition of about 5mls of 
sulphuric acid, boiling and then adding a small amount of sodium 
nitrate as an oxidising agent. If there was a large amount of 
carbonaceous material left after ashing, a second treatment was 
often necessary. This was performed in the same centrifuge tube. 
Careful washing of the basin was necessary to ensure that all 
material was transferred to the test tube. It is accepted that 
some diatoms might adhere strongly to the walls of the vessel, 
but since each vessel is used once only, this has an effect only 
on the final numbers of diatoms recovered and does not constitute 
a contamination risk.
2.4.7 Ashing of Bone Marrow
Human sternal bone marrow proved to be an 
unsatisfactory material for ashing. Although the mineral ash 
remaining dissolved easily in concentrated HC1, there was 
evidence of spitting and flash fires inside the reaction vessel, 
probably because the fat in the marrow caught fire inside the 
furnace. In addition, the pH of the slightly dampened ash was
11.5.
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Femoral bone marrow was completely unsuitable for ashing. 
The fat melted, caught fire and there was extensive spitting. 
Voluminous clouds of unpleasant black smoke accompanied ashing, 
and although the mineral ash remaining was very small and readily 
dissolved in small amounts of acids, this technique was 
abandoned. Subsequent testing of the smoke demonstrated that - 
there was a significant loss of diatoms being carried away up the 
exhaust flue.
2.4.8 Microscopy
The examination of the prepared slides was not usually a 
problem, with the exception of those preparations where some 
insoluble material remained. A small amount of insoluble 
material, appearing as a haze in the cleaned diatom suspension 
could make examination longer and more difficult. If the 
insoluble material was present in greater amounts, then it became 
necessary to divide the residue over t'*o or more slides.
The examination of the optically cleared filter was possible, 
if tedious and difficult. There were a great many artefacts 
deriving from the cells of the marrow, and it is therefore 
essential that the operator is very experienced in the 
recognition and identification of diatoms. An inexperienced 
operator might find this a technique to be avoided.
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2.5 Diatom Recovery Trial
2.5.1 The efficiency of the new method of diatom extraction 
was tested by adding known amounts of diatoms from a stock 
suspension to samples of organs. The organs were digested and the 
diatoms recovered.
The efficiency of the extraction process is very important, 
considering the low numbers of cells likely to be involved.
One hundred gram samples of liver, lung and brain were taken 
from each of ten donors. Ten drops of the diatom stock suspension 
were added to each sample before freeze drying. This suspension 
contained a mean of 209 cells of D. geniinata per 10 drops.
Each set of organs was charred at 250°C, ashed at 550°C, 
acid treated, washed and spun in distilled water and mounted in 
Naphrax for microscopical examination. The number of diatoms 
recovered from each sample was counted.
10g samples of bovine bone marrow were combined with 10 
drops of diatom stock suspension. This suspension contained a 
mean of 260 cells of D. geminata per 10 drops.
Each marrow sample was defatted in cyclohexanone, and the 
fat/solvent mixture passed through a 0.45p regenerated cellulose 
filter. This filter was examined microscopically for the presence 
of diatoms, whilst the remaining defatted organic material was 
charred at 250°C, ashed at 550°C and acid treated as described 
above.
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2.5.2 The results of the diatom recovery trial are shown in 
Tables 3 and 4. The mean number of Whole diatoms recovered from 
the lung, liver and brain tissues was 160.2. The highest numbers 
of diatoms were recovered from lung,with a mean recovery of 193.4 
diatoms, whereas the mean number recovered from brain was lowest 
at 124.2. This variation may be a function of the tissue, but it 
is also likely that the actual numbers of diatoms added from the 
stock suspension fluctuated around 2 0 0, which was itself a mean 
figure. This fluctuation could explain why, on some occasions 
recovery numbers were wsll over 200 and on other occasions very 
low figures were obtained.
The mean recovery value of 160.2 gives a mean recovery 
percentage of 77% of all diatoms added to liver, lung and brain.
2.5.3 The numbers of cells recovered from the bone marrow 
samples (Table 4) indicate that few are to be found in the 
fat/cyclohexanone mixture. Searching the optically cleared filter 
(47inn diam) was difficult and extremely tedious. The maximum 
number of diatoms recovered from the fat/solvent mixture was 5. 
It appears to be an unnecessary procedure to examine the filter 
separately, and the filter may be ashed together with the 
defatted material. The regenerated cellulose of the filter does
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Table 3
Diatom Recovery Ttest 
Numbers of Diatoms Recovered from 100g of 
Brain, Liver ard Lurg
DONOR
1
BRAIN
213
2 66
3 113
4 155
5 261
6 - 101
7 80
8 110
9 74
10 69
MEAN 124.2
S.D. 66.1
%Recovery* 59.5
Mean %Recovery
DIATOMS RECOVERED
LIVER LUNG
160 195
230 171
135 116
207 252
188 246
190 93
69 249
101 201
200 270
151 141
163.1 193.1
50.3 61.9
78-° 92.3
76.6
* Based cn the nunfoer of diatom added being 209
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liable 4
Numbers of Diatoms Recovered from 10g of 
Bovine Bone IVkrrcw
DIATOMS RECOVERED
Sample No. Filter Defatted material Total
1 0 223 223
2 2 272 274
3 2 207 209
4 5 224 229
5 3 243 246
6 3 201 204
7 4 254 259
8 3 259 262
9 5 222 227
10 3 183 186
MEAN 3 229 232
S.D. 28.05
Percentage Recovery Rate* 89.3
* Based on the number of diatoms added being 260
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not react with the silicaceous diatoms, but some filters 
containing fluorine e.g. Flurqpore, ( Millipore Inc.) could have 
an adverse effect. The mean number of diatoms recovered from the 
defatted material was 232, representing a recovery rate of 89%.
In the case of human sternal marrow, 100g samples from 6 
sterna gave 5, 8 , 9, 10, 63 and 175 cells of D.geminata 
recovered, from the original number of approximately 200. Reasons 
for this wide variation are not clear, but contributory factors 
may be minor temperature variations, the pH and mineral 
constitution of the ash remaining, and its reactivity with 
silica.
2.6 DISCUSSION
2.6.1 The proposed method has the advantages of
minimising contamination risks, it is not labour intensive and 
uses relatively large amounts of organ. The amount of 
concentrated acid used is small in comparison with other 
techniques.
2.6.2 The recovery rates of 80-90% achieved in the trials 
are acceptable. Diatoms are not completely recovered from the 
reaction vessels, either the evaporating basins or the "Pyrex" 
centrifuge tubes. In addition, some diatoms may be lost in the
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nuffle furnace if the material makes smoke, or if the ash is very 
alkaline and is in close ccntact with diatoms contained within 
it. It is unlikely that any process will achieve total recovery.
'^ le ease with which diatoms can be made to 
dissolve, erode or fragment during various chemical treatments 
became apparent in the course of this investigation. Whilst 
diatoms are constructed of relatively inert silica, they are by 
no means immutable. Silica reacts with a wide number of 
compounds, but this is not the place to discuss the complexities 
of silica chemistry.
2.6.4 Ashing aids would seem to be inappropriate in the 
ashing process proposed, since at 550°C silica is more likely to 
react with both the ashing aid and the mineral ash.
2.7 Summary of Nfethod.
Firstly, the bulk of the organs was decreased by freeze 
drying. This had the important effect of removing water, and 
making the material friable. Freeze drying enabled the material 
to be ashed with reduced danger of fire, spitting and excessive 
smoke, all of which could result in the loss of diatoms.
Secondly, the freeze dried material was charred at 250°C in 
a muffle furnace, vàiich further reduces the risk of fire.
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Thirdly, this charred material was ashed in the muffle 
furnace at 550 C. It is possible (and desirable) to complete both 
the freeze drying and the ashing in the same vessel. By this 
means 1 0 0g of wet tissue can be reduced to less than Ig of 
mineral ash, without the addition of reagents, or changing 
reaction vessels.
Finally, relatively small amounts of acids are required to 
dissolve the mineral ash. In this way contamination risks are 
kept to a minimum.
Figure 2 shows a flow diagram of the extraction methods
used.
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Flow Diagram of Diatom Extraction Method
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DIATOMS IN NON-DROWNED SUBJECTS
He hath no drowning mark upon him 
His complexion is perfect gallows.
Shakespeare, The Tempest.
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3 .1  iisrræa jc riQN.
3 .1 .1 Much of the discussion surrounding the validity of the 
diatom test for the diagnosis of death by drowning has centred on 
the reported presence of diatoms in the organs of non-dr owned 
subjects. In this context "non-drowned" is taken to mean death 
not associated with water.
3 .1 .2 Early work by Tamaska (1949) on the bone marrow of 
subjects that had been shot and subsequently thrown into the 
Danube after death showed that diatoms were not present in the 
bone marrow. He came to the conclusion that diatoms were not 
present in these subjects because they had not drowned, but were 
dead before entering the water. At about the same time Incze 
(1951) showed that whereas he found large numbers of diatoms in 
the heart blood of drowned subjects, he found none in the heart 
blood of 30 non-drowned subjects. This has been confirmed by 
Karkola and Neittaanmaki (1 9 8 1 ). Following reports of the 
presence of diatoms in the organs of the non-drowned, Mueller
(1963) examined the livers of 30 non-drowned subjects and found a 
"foreign body resembling a diatom" in only one of these samples, 
the liver of a pottery worker suffering from silicosis. Niedhart 
and Greendyke (1967) reported that they found no diatoms either 
in the organs of non-drowned cadavers or in the rainwater and 
tapwater collected in New York State.
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3.1.3 A different view has been expressed by Spitz and 
Schneider (1964) amongst others, who stated that diatoms were 
regularly found in non-drowned subjects, in rainwater and in the 
air. In one of the subjects examined, a six-week old infant. 111 
diatoms were found in 80g of liver. Spitz and Schneider suggested 
resorption of diatoms from the gastrointestinal tract via the 
portal vein or lymphatics. These general findings were 
corroborated by Geissler and Gerloff (1966) in Berlin, who 
reported that diatoms in non-drowned subjects included some which 
were similar to diatoms found in the air over the city, which
were themselves of a type to be found in rivers and other water 
bodies in the area.
3.1.4 It is difficult to reconcile satisfactorily these 
conflicting views even allowing for geographical differences. A 
contributory factor may be the method of preparation of the 
organs by acid digestion. Whilst one must assume that efforts 
were made to exclude contaminating diatoms from reagents and 
vessels, it is far from easy to render large volumes of 
concentrated acids and the internal surfaces of Kjeldahl flasks
diatom free. Failure to do this will ensure dire consequences 
(Rees and Strong 1977).
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3.1.5 These conflicting results, claiming the presence or 
absence of diatoms in the organs of ron-drowned subjects have 
been obtained by several methods, but usually by acid digestion. 
The drawbacks of this technique have been described fully above.
The diatom load of non-drowned subjects lias been determined 
using the method already described, and which is designed to 
minimise contamination risks.
3.1.6 These human non-drowned subjects constitute a negative 
control group of individuals whose death is not water—related and 
who have not knowingly been exposed to diatomaceous material. Any 
diatoms present in their organs are present merely as a result of 
presumably normal activities.
3.2 EXPERIMENTAL
3-2.1 Diatoms were extracted by the freeze-drying/ashing
method described above. Samples of brain, liver and lung were 
obtained at random from routine post-mortem examinations (Table 
5), and originated from the same area in the South of England. 
Hie only exclusions were subjects who had drowned, and those who 
had died from an infectious disease. The samples were regarded as
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Table 5
The causes of death in the donors of 
brain, liver and lung samples.
No. Sex Age Cause of death
89 M 58 Heart failure
90 M 73 Ischaemic heart disease
92 F 65 Ischaemic heart disease
93 F 70 Ischaemic heart disease
94 M 70 Myocardial infarction
95 F 93 Bronchitis
96 M 50 Ischaemic heart disease
97 M 64 Ischaemic heart disease
100 F 58 Left ventricular failure
101 F 65 Myocardial infarction
103 F 70 Acute bronchitis
105 M 65 Ischaemic heart disease
109 M 51 Ischaemic heart disease
matched sets, and all three samples from the sane individual were 
processed together.
The unexpected presentation of kidney material in a drowning 
investigation prompted the acquisition of 10 kidneys. Because of 
the difficulties experienced in acquiring samples from drowned 
subjects it was felt necessary to examine all types of organs 
sutanitted. These control kidneys were taken at random at routine 
post-mortem examination and were not the same donors as either 
the brain, liver and lung samples, or the marrow samples. The 
cause of death and other details of the donors of these kidney 
were not comunicated but individuals who died either from an 
infectious disease or drowning were excluded.
Femoral bone marrow is not routinely examined at autopsy, 
and it was necessary to obtain femurs from non-drowned subjects 
as the opportunity arose. The femurs were collected in a random 
manner similar to the other sanples, i.e. excluding deaths from 
drowning and infectious disease. The causes of death of these 
subjects are recorded in Table 6 .
3.2.2 The sanples of human brain, liver, lung and kidney were
divided into 100g aliquots, freeze dried, charred at 250°C and
ashed at 550°C in a muffle furnace. The mineral ash remaining was
digested in concentrated hydrochloric acid followed by a final
treatment of organic residue by concentrated sulphuric acid and 
sodium nitrate.
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Table 6
The causes of death of the donors of 
bone narrow
No. Sex Cause of death
1 M Acute left ventricular failure
Coronary artery atheroma
2 M Congestive cardiac failure
Chronic bronchitis, emphysema
3 M Perforated duodenal ulcer
Myocardial infarction
4 F Chronic obstruction of airways
5 M Bilateral pulmonary embolism
6 M Carcinomatosis
Cancerous head of pancreas
7 M Coronary atheroma
Bronchial pneumonia
8 M Bronchial pneumonia
Pulmonary embolism
9 F Intestinal obstruction
10 M Mesothelioma right pleura
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The insoluble residue was dried on a microscope cover slip at 
33°C (Peabody and Burgess 1982), and mounted in Naphrax 
(R.I. =1.73) (Northern Biological Supplies, Martlesham Heath) for 
microscopical examination.
A cylinder of bone was removed from the shaft of each femur 
with a hacksaw, and 10g of bone marrow removed by a spatula. A 
new blade was used for each saw, and each blade was degreased and 
cleaned in diatom free water before use. The bone marrow sample 
was defatted by treatment with cyclohexanone, the fat/solvent 
mixture being passed through a .45p regenerated cellulose filter 
(Sartorius Ltd). This filter was ashed along with the organic 
material remaining after defatting, and the resultant mineral ash 
treated as described above.
3.2.3 All reagents were passed through a membrane filter 
before use, and reagents were tested for the presence of diatoms. 
Blank control tests were made to test contaminât ion levels.
3.2.4 All microscopy was done by the same operator, and 
consisted of examining every part of the preparation at a 
magnification of 200x. In some cases, determination of the 
species of a cell was made at 1200x, under oil-immersion. There 
may be some benefit to the comfort of the operator in examination 
under Anoptral Phase Contrast conditions, (Reichert Ltd), but
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equally this could be merely the personal preference of the
operator. For most operators standard Kohler illumination will 
prove satisfactory.
Diatoms were identified using Hustedt (1930a, 1930b), Hendey
(1964) Patrick and Reimer (1966) and other standard diatom 
identification works.
3.2.5 Airborne diatoms
Observations by Geissler and Gerloff (1966) indicated that 
diatoms found in the air may find their way into the lungs and 
from thence into other body organs.
The ashed residues resulting from large volume sampling of
air in the South of England were made available by the Atomic
Weapons Research Establishment at Aldermaston. The sampling site
was on Hannington radio mast in a rural situation, with the
nearest large urban development at Basingstoke six miles away.
These samples covered four consecutive periods of sampling from
April to June when a total of 26.1 x 104 Kg. of air were sampled 
(Table 7)
3.2.6 Img of this material was boiled in concentrated 
sulphuric acid (to remove any remaining organic material), and
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Table 7
Large volume sampling of Air
Sample No. Date Kg.xlO4 m3xl0 4 Total Ash
70 11/3-8/4 7.4 5.7 308
71 8/4-29/4 5.2 4.0 201
72 29/4-27/5 7.1 5.5 275
73 27/5-24/6 6.4 5.0 373
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any carbon formed oxidised by the addition of solid sodium 
nitrate. This cleaned residue was examined microscopically.
3.3 RESULTS
The numbers of diatoms recovered from the brain, liver, 
lung, kidney and bone marrow of the subjects under investigation 
are summarised in Tables 8-13
3.3.1 Brain, liver and_lungL
No.92 (Cause of Death: Ischaemic Heart Disease)
There wsre no diatoms found in the brain, liver or lung.
No.93 (Cause of Death: Ischaemic Heart Disease)
The lungs contained Hantzschia anphioxys (1), Pinnularia 
borealis ( 1 ),Coscinodiscus sp. fragment (1), Pinnularia sp. (not 
borealis) (1), and an unidentified pennate fragment (1). A total 
of 5 cells or fragments.
The brain contained a single fragment of Coscinodiscus sp. 
and no diatoms were found in the liver.
No.94 (Cause of Death: Myocardial Infarction)
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The lungs contained Coseinodisous sp. fragments (4 ), 
Pinnularia sp. (not borealis) (3), FragilariajDinnata (1 ), 
Pmnula_ria_torealis (1), and an unidentified pennate fragment. A 
total of 10 cells or fragments.
No diatoms were found in the brain or liver.
Nq-95 (Cause of Death: Bronchitis)
The liver contained a single fragment of Coscinodiscus sp., 
and a fragment of an unidentified pennate.
No diatoms were found in the lung or brain.
îfo^ 96 (Cause of Death: Ischaemic Heart Disease)
The lung contained Hantzschia amphioxys (l ), Melos ira 
granulata (2), arrô 4 unidentified fragments. A total of 7 cells 
or fragments.
The liver contained 2 Naviculoid diatoms and Stephanodiscus 
sp. A total of 3 cells or fragments.
The brain contained a single fragment of Coscinodiscus sp.
(Cause of Death: Ischaemic Heart Disease)
The lung contained 1 pennate fragment, 1 centric fragment and 
1 unidentified fragment, a total of 3 fragments.
The brain contained a single fragment of Hantzschia 
amphioxys.
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No. 100 (Cause of Death: Left Ventricular Failure)
The lung contained Hantzschia amphioxys (1), an unidentified 
pennate valve (1) and an unidentified fragment (1). A total of 3 
cells or fragments.
The liver contained Eunotia pectinalis (1) and a fragment of 
Pinnularia sp.
The brain contained 2 unidentified pennate fragments.
No-103 (Cause of Death: Acute Bronchitis)
The lung contained Hantzschia amphioxys ( 3 ), Coscinodiscus 
SP* fragments (2), Navicula cincta (1), unidentified pennate 
fragment (1) and unidentified fragment (1). A total of 8 cells or 
fragments.
The liver contained 3 fragments of Coscinodiscus sp.
The brain contained Coscinodiscus sp. fragments (5), Cymbella 
ventricosa (1)/ Pinnularia sp. (1 ) and Actinoptychus senarius 
(1). A total of 8 cells or fragments.
No.105 (Cause of Death: Ischaemic Heart Disease)
The lung contained Coscinodiscus sp. fragments (4), Nitzschia 
SP- (3), Eunotia sp. fragment (1 ), and an unidentified fragment 
(1 ). A total of 9 cells or fragments.
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The liver contained Hantzschia amphioxys (1), Coscinodiscus 
sp. fragment (1) and an unidentified fragment (1). A total of 3 
cells or fragments.
The brain contained Hantzschia angjhioxys (1 ), an unidentified 
pennate fragment (1) and an unidentified fragment (1). A total of 
3 cells or fragments.
No. 109 (Cause of Death: Ischaemic Heart Disease)
The liver contained Hantzschia amphioxys (1 ), Coscinodiscus 
sp. (1) and Gomphonema acuminatum var. coronatum (1). A total of 
3 cells or fragments.
The brain contained Pinnularia borealis (1 ), Hantzschia 
amphioxys (1 ), Q^scirrihsous sp. fragment (1 ) and an unidentified 
fragment ( 1 ). A total of 4 cells or fragments.
No diatoms were found in the lung.
3.3.2 The remaining sets of samples were incomplete.
No.89 (Cause of Death: Heart Philure)
The lung contained Hantzschia amphioxys (1), and the brain 
contained Coscinodiscus sp. (1 ). There was no liver sample.
No.90 (Cause of Death: Ischaemic Heart Disease)
No diatoms were found in the brain and liver. There was no 
lung sample.
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(Cause of Death: Infarction and Liver Failure)
The brain contained Hantzschia_ampMoxvs (2), Pinnularia
(D and Synedra ulna fragment (1). A total of 4 cells or 
fragments.
diatoms were found in the liver, and there was no lung
sample.
3.3.3 Many of the samples of brain, liver, lung and bone 
marrow did not contain any diatoms at all, and none of the three 
samples from Subject 92 had diatoms present in them (Table 8 ). 
The highest number of diatoms observed in these 100g samples were 
the 10 seen in the lungs of Subjects 94. The samples from Subject 
103 held a total of 19 diatoms. The oldest subject. No.95, aged 
93, yielded only 2 diatoms, both from the liver. There was a 
total of 87 diatom cells or fragments in 3600g of brain, liver 
and lung.
3.3.4 Fragments of Coscinodiscus spp. were the most commonly 
occurring form, followed by Hantzschia^amphioxvs (Table 9). 
Pinnularia borealis and Melosira granulata were also represented.
Table 8
Diatoms in the organs of the Nbn-drowned
Subject No. BRAIN LIVER LUNG TOTALS
92 0 0 0 0
93 1 0 5 6
94 0 0 10 10
95 0 2 0 2
96 1 3 7 11
97 1 0 3 4
100 2 2 3 7
103 8 3 8 19
105 3 3 9 15
109 4 3 0 7
89 1 - 1 2
90 0 0 - 0
101 4 0 4
87
MEANS 1.9 1.3 4.1
72
Table 9
Diatom species in the 
Brain, Liver and Lung of the Nan-Drowned.
Diatom Brain Liver Lung TOT
Act inoptychus senarius 1 1
Coscinodiscus spp. 9 6 12 27
Cymbella ventricosa 1 1
Eunotia pectinalis 1 1
Fragilaria pinnata 1 1
G.acuminata var. coronata 1 1
Hantzschia amphioxys 5 3 6 14
Melosira granulata 2 2
Navicula cincta 1 1
Nitzschia sp. 3 3
Pinnularia borealis 2 2 4
Synedra ulna (fragm.) 1 1
Stephanodiscus sp. 1 1
Eunotia fragment 1 1
Centric fragment 1 1
Pinnularia fragment 2 1 3
Chaetoceros fragment (?) 1 1
Naviculoid sp. (girdle) 2 2
Unid. pennate fragment 1 2 7 10
Unidentified fragment 2 1 7 10
TOTAL 25 16 46 87
Mean cells per 100g 1.9 1.3 4.1 2.4
73
3.3.5 Kidney.
Nb.21 This kidney contained fragments of Coscinodiscus 
sp. (2), PinnulariaJhorealis (2) and an unidentified fragment
(1). A total of 5 cells or fragments.
No.22 This kidney contained fragments of Coscinodiscus 
sp. (2 ), Melosira granulata (1 ), Thalassiosira gravida (1 ), 
Cyclotella comta ( 1 ), Gomphonema gracile ( 1 ), Hantzschia 
airphioxys (1) and unidentified fragments (4). A total of 11 cells 
or fragments.
£36^ 23 This kidney contained Hantzschia amphioxys (7),
Cyclotella comta (3), Coscinodiscus sp. fragments (4 ), Cocconeis
placentula (1), and unidentified fragments (2). A total of 17 
cells or fragments.
No»24 This kidney contained Coscinodiscus sp. fragments 
(114), Actinoptychus senarius (3), Hantzschia amphioxys (1 ), 
Achnanthes lanceolata (1 ), unidentified fragments (31) and a 
silicoflacfsllate (1). A total of 151 cells or fragments.
No.25 This kidney contained Coscinodiscus sp. fragments
(2 1 ), Actinoptychus senarius (2 ), Melosira granulata (3 ),
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Achnanthes minutissim (1 ), Cocconeis scutellum (1), Hantzschia 
amphioxys fragment (1 ), a silicoflagellate (1 ) and unidentified 
fragments (5). A total of 35 cells or fragments.
No.26 This kidney contained Coscinodiscus sp. fragments
(3), Melosira granulata (3), Achnanthes microcephala (2), 
Stephanodi scus hantzschii ( 1 ), Hantzschia amphioxys (1), Synedra 
ulna fragments (2) and unidentified fragments (4). A total of 16 
cells or fragments.
No. 27 This kidney contained Cyclotella comta (21), 
Coscinodiscus sp. fragments (10), Stephanodiscus astraea 
fragments (5), Melosira granulata (2), and unidentified fragments
(2). A total of 40 cells or fragments.
No.28 This kidney contained Coscinodiscus sp. fragments 
(16), Cyclotella comta (12), Stephanodiscus astraea fragments
(4), Pinnularia borealis (3), Hantzschia amphioxys (3), Nitzschia 
sp. fragments (2), Navicula sp. fragment (1), Epithemia sp. 
fragment (1), Gonqphonema sp. (1) and unidentified fragments (4). 
A total of 47 cells or fragments.
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£*0^29 This kidney contained Cyclotella comta (2), 
Méridien lare ( 1 ) and fragment of Synedra ulna (1). A total
of 4 cells or fragments.
*fo-30 This kidney contained Coscinodiscus sp. fragments
(8 ), an entire cell of Coscinodiscus sp (1 ), Hantzschia amphioxys
(3), Epithemia sorex (3), Melosira granulata (2), Cyclotella 
comta (2)/ Synedra ulna fragment (1), Cymbella sp. fragment (1 ) 
and unidentified fragments (5). A total of 26 cells or fragments.
3.3.6 Unlike the brain, liver and lung samples, all the 
kidneys contained diatoms, the numbers ranging from 4 to 151 
(Table 10). Fragments of Coscinodiscus spp. were again the most 
abundant form, and Hantzschia amphioxys and Pinnularia borealis 
were also present. The occurrence of 41 cells of Cyclotella comta 
in 6 of the 10 kidneys may be explained by the occurrence of this 
diatom in reservoirs supplying tap water, and its subsequent 
ingestion. The mechanism by which the diatom is apparently 
selectively found in the kidney is unknown, but a dietary origin 
may be indicated rather than from airborne material, especially 
as C. comta was not found in the brain, liver and lung samples 
from individuals who lived in the same general area.
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Table 10
Diatoms in the 
Kidneys of the Non-dr owned.
Achnanthes lanceolata 
A. microcephala
A. minutissima
Actinoptychus senarius 
Cocconeis placentula 
C. scutellum
Coscinodiscus sp.(frag) 
Coscinodiscus sp.(entire) 
Cyclotella comta 
Cymbella sp. (frag) 
Epithemia sorex 
Epithemia sp. (frag) 
Gomphonema gracile 
Gomphonema sp.
Hantzschia amphioxys 
Melosira granulata 
Meridion circulars 
Navicula sp.(frag) 
Nitzschia sp.(frag) 
Pinnularia borealis 
Stephanodiscus astraea 
S. hantzschii
Synedra ulna (frag) 
Thalassiosira gravida 
Unident.fragments 
Silicoflagellate
21 22 23 24 25 26 27 28 29 30 Total
1 1
2 2
1 1
3 2 5
1 1
1 1
2 2 4 114 21 3 10 16. 8 180
1 1
1 3 21 12 2 2 41
1 1
3 3
1 1
1 2
1 1
1 7 1 1 1 3 3 17
1 3 3 2 2 11
1 1
1 1
1 1
2 3 5
5 4 9
1 1
2 1 1 4
1 1
1 4 2 31 5 4 2 4 5 58
17T51]
1
35 Té" 40“
1
47 I Æ 1 Z
3
352
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3.3.7 Bone marrow.
(Cause of Death: Congestive Cardiac Failure, 
Congestive Cardiac Bronchitis and Emphysema). This bone marrow 
contained 1 cell of a naviculoid diatom, presenting in girdle 
view.
(Cause of Death: Perforated Duodenal Ulcer and 
Myocardial Infarction). This bone marrow contained 1 fragment of 
Coscinodiscus sp.
(Cause of Death: Chronic obstruction of Airways)
This bone marrow contained 1 cell of Pinnularia borealis.
No*6 (Cause of Death: Carcinomatosis and Cancerous Head 
of Pancreas).
This bone marrow contained 2 fragments of Synedra ulna.
No. 8 (Cause of Death: Bronchial Pneumonia and Pulmonary 
Embolism)
This bone marrow contained 1 fragment of Coscinodiscus sp.
3.3.8 No diatoms were found in the bone marrow from subjects 
Nos. 1,5,7,9 and 10.
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3.3.9 The overall numbers of diatoms found in the bone marrow 
are low (Table 11). From ten samples, five contained no diatoms. 
Of the remaining five bone marrow samples, four contained one 
diatom, and one contained two diatoms. In a total of 96.8g of 
bone marrow therefore, there were 6 diatoms. A single fragment of 
Coscinodiscus sp. was found in two of the samples (Table 12).
3.3.10 Diatom species.
Where it was possible, diatoms were identified down 
to the species level. In some cases where the cell was very 
fragmented, or where there was very little of the cell remaining, 
it was possible only to indicate that the fragment was part of a 
diatom, or at the most a pennate or centric form (i.e. either 
basically oblong or oval, or circular.)
Some of the diatom species found in the organs of nan-drowned 
subjects are shown in Figs. 3a-3e.
3.3.11 Of the 87 diatom fragments identified in the brain, 
liver and lung samples, Coscinodiscus spp. was the most frequent. 
This diatom, although normally found in marine waters, probably 
originates from fossil deposits, especially those fragmented and 
crushed specimens. Fossil diatoms are incorporated into many
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Table 11
Diatoms in the 
Bone Marrow of the Non-dr owned.
Subject No. Number of diatoms 
1 0
2 1
3 1
4 1
5 0
6 2
7 0
8 1
9 0
10 0
TOTAL 6
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Table 12
Diatom species in the 
Bone Marrow of the Nan-Drowned
Diatom species 
Navicula sp.
Coscinodiscus sp. fragment 
Pinnularia borealis 
Synedra ulna fragments (2 ) 
Coscinodiscus sp. fragmant
Subject No. 
2
3
4 
6 
8
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commonplace materials such as insulation and sound proofing, as 
well as being used in some filtration processes. The average 
person comes into contact with fossil diatoms many times, and it 
is therefore possible that some of these diatoms will find their 
way into human organs.
3.3.12 The remaining marine forms which may be of fossil 
origin are Actinoptychus senarius and some of the unidentified 
fragments. The latter are too small or too fragmented to identify 
with certainty, but yet resemble the fragmented forms found in 
fossil deposits. Marine diatoms may be ingested with several sea­
foods, in particular grazing molluscs such as cockles and 
winkles, and especially in oysters which might support as many as 
50 million diatoms.
3.3.13 Cell size
The largest diatom fragment seen in the kidney samples was a 
cell of Stephanodi scus astraea, with a diameter of lOOp (Table 
13). Not all diatoms seen in these kidney samples were measured, 
and the fragments of Coscinodiscus sp. fragments were usually 
very small, between 5p and lOp in diameter. The mean diameter of 
red blood corpuscles is approximately 8p, and many diatom cells 
and fragments approach this in their smaller dimension. The 
fragments of Synedra ulna for example although relatively long
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The size of diatoms in the kidney 
of nan-drowned subjects
Table 13
Diatom
Achnanthes microcephala 
Actiniptychus senarius frags. 
Coscinodiscus sp. frags 
Cyclotella comta 
Cymbella sp. frags 
Epithemia sorex 
Epithemia sp. frags 
Gomphonema gracile 
Gomphonema sp.
Hantzschia amphioxys 
Melosira granulata 
Navicula sp. frag 
Nitzschia sp. frag 
Pinnularia borealis 
Stephanodiscus astraea 
S. astraea frag
S. hantzschii
Synedra ulna frags 
Thalassiosira gravida 
Unidentified fragments
Size(p)
19x3
93x43
94x37, 47x9, 33x17 
14-45 (diameter)
49x10, 29x9
57x10
28x10
30x6
40x10
42x10, 32x8, 30x7 
22x3, 16x3 
27x5
30x5, 18x5 
41x9
100, 58, 53 (diameter) 
14x9
18 (diameter)
56x8, 20x9, 18x6, 16,6 
20 (diameter)
52x3, 49x9
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(56p), are between 6p and 9p wide. Diatoms can therefore enter
even the smallest blood vessels and capillaries, but many will be 
trapped or filtered out.
3.3.14- Airborne diatoms.
Several diatoms were found in all the samples which are
normally associated with growth on soil or in an aerophilous
environment (i.e. growing on wet walls, roofs etc). The most
common amongst these species are Hantzschia amphioxys and 
Pinnularia borealis (Table 14).
Lund (1945-6) says that those forms found on soil are 
generally smaller than cells of the same species found in a more 
typical aqueous habitat, and are easily taken up by air currents 
and transported. Many of these soil diatoms have no known resting 
stage, and presumably rely cn aerial distribution. Furthermore, 
during dry weather when airborne dust is most likely, the dry 
weight of the diatom cell is at its lowest and therefore more 
likely to be swept up into the airstream.
3.3.15 One hundred and twelve diatoms were found in the four 
samples of filtered air. Hantzschia amphioxys. Pinnularia 
and Melosira granulata (species also found in the organs
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Table 14
Airborne Diatoms
Sample no. 71 72 73 74
Coscinidiscus fragments 1 5
Cyclotella kutzingiana 1 2 1 1
Cymbella affinis 1
Cymbella sp. 1
Diploneis ovalis 1
Gomphonema olivacearn 1
Hantzschia amphioxys 12 8 2 11
Melosira granulata 1 3
M. varians 6 ^ 3
Navicula cincta 1 2 5
N . cryptocephala 1
N. minima 2
N. nivaloides 1
N. pusilia 2
Navicula spp. 6
Nitzschia sp. 2
Pinnularia borealis 1 2 3
P. microstauron 2
Rhoicosphenia curvata 2
Stauroneis muriella 2
Synedra ulna (fragment) 1
Unidentified fragments 6 3 2 5
TOTALS 27 23 15 47
86
of non-drcwned subjects ) were all present, as well as several 
species which were known to be typical of an aerophilous 
environment, e.g. Navicula cincta, N.nivaloides and Stauroneis 
nuriella. It is interesting to note the presence of fragments of 
Coscinodiscus spp. in these aerial samples, since this genus is 
almost entirely marine in its habitat, and the origin of these 
fragments ( judging by their appearance and possible species) is 
most likely to be fossil. The presence of these fossil fragments 
in windbome dust is a reflection of the widespread nature of 
these forms.
3.3.16 Hantzschia amphioxys, Melosira granulata, Pinnularia 
borealis and other species of soil diatoms account for half of 
the diatoms found in these aerial samples. Apart from fragments 
of Coscinodiscus sp., the rest of the diatoms found are 
cosmopolitan freshwater types to be found in a variety of 
habitats. Many of them can be found in soil or in fossil 
deposits, and are commonly occurring species.
3.3.17 There are many reports of diatoms being transported 
long distances, (Darwin 1845, Game 1964, Seyve and Fourtanier 
1984), and there is reason to suppose that diatoms are universal 
in their distribution in the air.
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3.3.18 The numbers of airborne diatoms are not great when 
compared with the large quantity of air that must be filtered to 
extract one diatom. In the four samples under consideration (70- 
73), 1 diatom was found in 6.9, 8.7, 13.3 and 2.8 m 3 of air.
Using the estimates based on the breathing capacity of a nan 
doing light work, (Taylor 1941) approximately 50 diatoms could 
enter the lungs in 3 to 10 days. Not all of these diatoms will 
become lodged in the lungs, but some will undoubtedly make a 
brief, or even extended sojourn within the unwitting host.
Although some of the diatoms may be living when inhaled, 
since nary rely on aerial means of distribution, their continued 
life within the lung must be neccessarily short. Lack of light 
and the natural secretions of the lung will provide a harsh 
environment which will undoubtedly extinguish life. In any case 
it is merely the silica remains of the cell which are of interest 
here rather than the entire contents of the living cell.
3.3.19 Reagent controls.
All of the reagents used during the extraction of diatoms 
from the organs had been passed through a membrane filter, and no 
diatoms were found in these reagents.
Several blank control digestions were made throughout this 
investigation. Two of these, using the method for digesting 
brain, kidney, liver and lung yielded a small fragment of
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Nitzschia sp.. No diatoms were seen in blank control digestions 
using the method for digesting bone marrow.
3.4 DISCUSSION.
3.4.1 The presence of naturally occurring diatoms in the 
organs of non-drowned subjects is now proved. The numbers of 
diatoms seen in certain of the samples are too high to be due 
entirely to contamination, but are due to the entry by diatoms 
into the organs during the life of the individual.
However, the persistence of contaminating diatoms ( in this 
case two Nitzschia fragments), indicate that diatom levels in the 
organs may be slightly inflated by contamination from the 
reagents and containers. A relatively small amount of 
diatomaceous earth can contain millions of diatom cells (Peabody 
1977), and the presence of diatoms in commercial products used in 
everyday situations will probably ensure that completely diatom 
free conditions are unlikely to be achieved.
3.4.2 The precautions taken during preparation, and the 
method itself make contamination risks less, and it would seem 
unlikely that contamination levels would be smaller with any 
other method. With much larger volumes of reagent and reaction 
vessels that are not strictly single use items, (as in the acid
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digestion method), the contamination risks are considerably 
heightened.
3.4.3 The greater diatom load in the lung samples than in 
liver and brain samples reflects the respiratory function of the 
lung, which comes into contact with airborne particles (including 
diatoms), although there is evidence to suggest that diatoms do 
not persist indefinitely in the lungs (Brieger, 1963; Otto, 
1961). The presence of diatoms in the lung from a contaminating, 
aerial source calls for considerable care in their examination in 
cases of drowning. Those diatoms commonly occurring in the organs 
of the non-dr owned must be rigourously excluded from further 
consideration. This is particularly important in the case of lung 
and kidney material.
3.4.4 The kidney samples contained many diatoms, presumably 
due to its role in filtration. The presence of these large 
numbers of diatoms in the kidney of non-dr owned subjects would 
indicate that this organ might be less suitable for examination 
in putative drowning cases.
3.4.5 Generally, both the brain and liver samples had lower 
diatom loads than the lung and kidney and would therefore appear
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to be better choices of sanple if the diatom test is 
carried out.
Femoral bone marrow had few diatoms, but whether this 
receives diatoms during drowning remains to be seen.
to be
organ
91
3.5 CONCLUSIONS
3.5.1 It is evident that the presence of a single diatom or 
even small numbers of diatoms must be treated with caution in the 
diagnosis of death by drowning. The presence of diatoms alone is 
not by itself an indication that drowning has occurred, since 
some of the diatoms present in the organs m y  have been deposited 
during life.
3.5.2 Most people come into frequent contact with polishes, 
insulation and filtration materials which contain diatoms, and 
these can and will enter the human body. Large numbers of diatoms 
are also present in or on certain foods such as salads, shellfish 
and other seafood.
The average individual is constantly exposed to diatoms from 
a variety of sources, and it would be surprising if some at least 
were not diverted from their normal path either in the alimentary 
canal or in the lungs.
3.5.3 It is therefore imperative that any diatoms found in a 
suspected drowned individual whose origin might be fossil or 
aerial be identified. Failure to recognise these forms might 
result in a confused diagnosis at best, or more seriously, an 
error.
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DIATOMS m  SEALS
Like a sea-beast crawled forth, that on a shelf 
of rock or sand reposeth, there to sun itself.
Wordsworth, Resolution and Independence.
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4 .1  INTRDDUCTiasr.
4.1.1 For the purpose of this investigation, the bodies of 
non-drowned human individuals constitute a negative control 
group, i.e. individuals who have not been in contact with diatoms 
through drowning. Any diatoms present in the organs of these non­
drowned individuals have derived from unwitting contact with 
diatomaceous material during life.
In this sense, a positive control population would be those 
individuals who have knowingly been in contact with diatoms 
during life, e.g. workers connected with diatomite mining. The 
possibility of collecting material of this type is severely 
limited, and none was available for this study. A more exotic 
source of a positive control group had to be found.
4.1.2 The physiology of seals may not be completely similar to 
that of humans, but being mammals they share the gross aspects of 
respiration via lungs and a double circulation. Seals have a 
rapid digestive process (Martin, 1977) but otherwise are 
comparable to other mammals, even taking into account their 
specialised habitat.
Seals spend their entire life either in water or very near to 
it. Much of the air that they breath is in the form of an aerosol 
which may contain particulate material swept up from the surface
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of the water. A seal must also swallow large quantities of water 
(whether voluntarily or not) and its food is also provided from 
its watery environment. The sea is a very productive habitat, and 
diatoms are particularly abundant.
4.1.3 Diatoms and other algae are a major food source for 
certain organisms, e.g.Crustacea and molluscs, which themselves 
are eaten by seals. Herring, cod, skate and salmon are amongst 
fish forming a regular part of the diet of grey seals, and all 
these fish will eat other organisms which have taken diatoms.
4.1.4 Thus seals live their entire life, (which may attain 41 
years), breathing air and eating food materials which may contain 
diatoms (Bonner 1981). Their exposure to diatoms is total and 
constant and it is therefore reasonable to treat grey seals as a 
positive control population in the sense already established.
4.2 The Grey Seal
4.2.1 The first two years of life are spent at sea, and some 
seal pups travel great distances. Some young individuals do 
remain near the breeding grounds (Walker, 1975), and the adults 
return to their home base to breed, from which they make shorter 
journeys (Bonner, 1981). It is thought that adult grey seals 
tend to stay within 40 to 50 miles of the place where they were
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born. There is no evidence that the young of the year feed 
differently from older seals, and small prey such as sand-eels 
are taken by large and small seals alike.
4.2.2 The blood volume of grey (and other) seals is about half 
as much again when compared to land mammals of equivalent bulk, 
which gives the animal a greater oxygen storage capacity. This 
adaptation allows the seal to dive for long periods. The grey 
seal can dive for more than 20 minutes, and reach depths of about 
500 feet. The heartbeat decreases during a dive which decreases 
the oxygen circulating to the organs, and the metabolic rate 
decreases from its normally high level to a much lower rate. Sane 
organs such as the brain and heart are continually supplied with 
oxygen during a deep dive, but other organs are by-passed by the 
contraction of blood vessels, and either function on the oxygen 
already stored within them or oily perform functions requiring 
the minimum of oxygen. High pressures caused by deep diving will 
increase the chances of diatoms entering the lungs via the mouth 
and nose during feeding at great depths.
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4.3 MATERIALS AND METHODS.
4.3.1 Samples of brain, liver and lung were made
available from five Atlantic grey seals, Halichoerus grypus. 
(Table 15). In addition an entire rear flipper was supplied from 
each animal, and the femur was removed in the laboratory.
4.3.2 The seals had been shot whilst out of the water, and the 
post mortem examination made above the waterline. The 
possibility of seawater contaminating the body after death was 
therefore removed. All five seals originated from the Farne 
Islands, and were culled between June and August 1981. None of 
the seals had been shot during either the breeding season or the 
annual moult when the animal fasts.
4.3.3 The samples of brain, liver and lung were all freeze 
dried and ashed as described above, but the amount of material 
available did not always allow 100g to be treated. (Table 16). 
Only 4g of brain tissue was available from seal No. 2272.
4.3.4 The femur of grey seals differs from human femur in 
containing spongy bone in its interior. The bone marrow could not 
be extracted in the same way as human bone marrow, and a modified 
method for treating seal bone marrow was devised.
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Table 15
Sampling da.te, sex, length, weight and age of seals
Length (cm)
Seal No. Sample date Sex Length Vfeight (Kg.) Age (Yrs
2246 17.6.81 F 167 126 5
2262 10.8.81 F 172 160 10
2266 11.8.81 F 179 135 6
2272 12.8.81 M 201 180 12
2273 12.8.81 M 205 215 24
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Table 16
Weight (g) Of seal organs used
Seal No. Brain Liver Lung
2246 37 76 54
2262 13 91 64
2266 27 50 62
2272 4 92 94
2273 23 99 95
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A cylinder approximately 4cm long was cut from the femur, and 
soaked overnight in cyclohexanone over a waterbath. The excess 
cyclohexanone and dissolved fat were removed and filtered through 
a regenerated cellulose filter (Sartorius Ltd.). The remaining 
bony material was soaked overnight in concentrated hydrochloric 
acid to remove mineral material, calcium compounds in particular. 
The supernatant acid was removed and centrifuged. The sediment 
remaining after the acid treatment, together with the membrane 
filter were both returned to the evaporating bowl containing the 
remains of the bone, and charred at 250°C in a muffle furnace. 
Subsequent ashing and treatment followed the method described 
above. Blank reagent controls were made at the same time as the 
materials were being treated.
4.4 RESULTS
4.4.1 Examination of the organs of the five seals showed that 
four had high levels of diatoms. The remaining seal (No. 2262) 
had relatively few diatoms in its organs, a total of 8 cells. The 
greatest number of diatoms were found in the lungs of Seal No. 
2246 where 2710 diatoms were recovered from 54g of tissue (Tables 
16 and 17). This is equivalent to over 5000 diatoms per 100g of 
tissue (Table 18).
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Table 17
Numbers of diatoms found in seal organs
Seal No. Brain Liver Lung Marrcw
2246 2 25 2710 0
2262 1 0 4 3
2266 7 876 291 12
2272 12 85 100 4
2273 0 4 180 0
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Table 18
Diatoms per 100g found in 
seal organs
Seal No. Brain Liver Lung
2246 5 33 5019
2262 8 0 6
2262 26 1752 469
2272 300 92 105
2273 0 4 189
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4.4.2 Most diatoms were marine forms normally found around the 
habitat, especially Khabdonema minutum and Cocconeis scutellum. 
R. minutum is a colonial diatom, occurring in loose filaments, 
(Fig. 3f). Short filament lengths of joined cells were frequently 
seen.
Whole cells of Hantzschia amphioxys, Pinnularia "borealis and 
other freshwater or soil diatoms were found in these organs, 
together with fragments of Coscinodiscus sp., a fossil form.
4.4.3 Seal No. 2246.
The diatoms from the lung of this seal were dominated by 
Cocconeis scutellum (2004 cells), Khabdonema minutum (465 cells) 
and Paralia sulcata (120 cells), (Table 19). C. scutellum was 
also found in the liver (15 cells) and in the brain (2 cells). 
P.sulcata (3 cells) and R. minutum (3 cells) were also found in 
the liver. No diatoms were found in the bone marrow. A total of 
2710 cells were recovered from this animal.
4.4.4 Seal No. 2262.
This seal is different from the other four in having very few 
diatoms in its organs. The lung contained Paralia sulcata (2 
cells), and 2 fragments of an unidentified pennate diatom (Table 
20). Of the 8 diatoms recovered from this animal, only P.sulcata 
can be considered to be marine in origin, the other diatoms being
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Table 19
Diatoms in the organs of Seal No.2246
Diatom Bene Brain Liver Lung
Actinocyclus octonarius 0 0 0 1
Actinoptychus senarius 0 0 0 1
Amphora sp. 0 0 0 6
Cocconeis scutellum 0 2 15 2004
Coscinodiscus radiata 0 0 0 6
Grammatophora angulosa 0 0 2 9
Hantzschia amphioxys 0 0 0 6
Navicula distans 0 0 1 47
Paralia sulcata 0 0 3 120
Pinnularia borealis 0 0 1 0
Pleurosigma angulatum 0 0 0 6
Podosira stelliger 0 0 0 9
Rhabdonema minutum 0 0 3 465
Rhoicosphenia marina 0 0 0 30
TOTALS 0 ‘ ' "2 " 25 2710
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Table 20
Diatoms in the organs of Seal No. 2262
Diatom Bone Brain Liver Lung
Coscinodiscus sp. fragments 3 0 0 0
Hantzschia amphioxys 0 1 0 0
Paralia sulcata 0 0 0 2
Unidentified pennate frags. 0 0 __ 0___ 2
TOTALS 3 1 0 4
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either typical aerial forms (Hantzschia amphioxys) or fossil 
forms (Coscinodiscus sp. fragments).
4.4.5 Seal No. 2266.
Khabdonema minuta, Paralia sulcata and Cocconeis scutellum 
were the commonest diatoms in the organs from this animal, and 
occurred in both the lung and the liver (Table 21). R. minutum (5 
cells) and C.scutellum (1 cell) were also found in the brain. 
Single cells of Actinoptychus senarius and Coscinodiscus radiatus 
found in the bone marrow probably have a marine origin, but
neither were found in the brain, liver or lung. A small,
undissociated clump of the colonial diatom Navicula ramosissima 
was found in the liver, and a single cell of Hantzschia amphioxys 
was found in the liver and brain. More cells were found in the 
liver than in the lung.
4.4.6 Seal No. 2272.
Rhabdonema minutum was found in the lung (86 cells), in the 
liver (77 cells) and in the brain (6 cells) (Table 22). Paralia 
sulcata was recovered from the lung (7 cells) and from the liver 
(5 cells). Of the five diatom types occurring in the brain, three 
are not found in the lung, i.e. Achnathes brevipes (2 cells), 
fragments of Coscinodiscus sp. (1 fragment) and Navicula marina 
(1 cell). A. brevipes and N. marina both have a marine origin.
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Table 21
Diatoms in the organs of Seal No.2266
Diatom Bone Brain Liver Lung
Actinoptychus senarius 1 0 0 0
Cocconeis scutellum 0 1 18 7
Coscinodiscus radiatus 1 0 0 0
Coscinodiscus sp. fragments 6 0 0 4
Epithemia sp. fragments 0 0 0 2
Grammatophora angulosa 0 0 4 3
Hantzschia amphioxys 0 1 1 0
Navicula ramosissima 0 0 20 0
Nitzschia spp. 0 0 6 0
Paralia sulcata 0 0 24 12
Pleurosigma angulatum 0 0 1 0
Podosira stelliger 0 0 0 1
Rhabdonema minutum 0 5 796 262
Rhoicosphenia marina 0 0 6 0
Unidentified pennate frags. __ 4 ___ 0 0 0
TOTALS 12 7 876 291
Table 22
Diatoms in the organs of Seal No. 2272
Diatom Bone Brain Liver Lung
Achnanthes brevipes 0 2 0 0
Cocconeis scutellum 0 0 0 2
Coscinodiscus sp. fragments 3 1 0 0
Grammatophora angulosa 0 0 0 1
Hantzschia amphioxys 0 2 3 4
Navicula marina 0 1 0 0
Paralia sulcata 0 0 5 7
Rhabdonema minutum 0 6 77 86
Unidentified pennate frags. ____ 1___ __ q 0 0
TOTALS 4 12 85 100
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Hantzschia amphioxys was found in the lung (4 cells), in the 
liver (3 cells) and in the brain (2 cells).
4.4.7 Seal No.2273.
Most diatoms were found in the lung ( 180 cells ), where the 
commonest forms were Cocconeis scutellum (110 cells) and Paralia 
sulcata (52 cells) Fig.23). Rhabdonema minutum was found in the 
lung (7 cells) and in the liver (2 cells). There were single 
cells of Podosira stelliger in the lung and liver. Only four 
diatoms were recovered from the liver, and none from either the 
brain or the bene marrow.
4.5 DISCUSSION.
4.5.1 With the exception of Seal No. 2262, the organs from the 
seals showed a great deal of similarity in the species of diatoms 
recovered from them. This is not entirely surprising, if the 
animals had been in the same general area, and therefore exposed 
to the same diatom populations, both as free swimming cells and 
incorporated into food material. Rhabdonema minutum, Cocconeis 
scutellum and Paralia sulcata are commonly occurring species in 
the organs, although individual animals show some variation in 
the relative amounts of these species.
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Table 23
Diatoms in the organs of Seal No. 2273
Diatom Bone Brain Liver Lung
Cocconeis scutellum 0 0 0 110
Coscinodiscus sp. fragments 0 0 1 2
Grammatophora angulosum 0 0 0 3
Navicula distans 0 0 0 5
Paralia sulcata 0 0 0 52
Podosira stelliger 0 0 1 1
Rhabdonema minutum 0 __ 0______ 2__ ___ 7
TOTAL 0 0 4 180
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The reasons for the very low diatom count in Seal No. 2262 is 
unknown. Apart from 2 cells of Paralia sulcata in the lungs, no 
diatoms which originate in the seals environment could toe 
identified in any of the organs. Any longterm deviation from the 
norm in either life style, anatomy or metabolism might account 
for this apparent discrepancy, tout there can toe no evidence to 
support such a suggestion.
4.5.2 With one exception (Seal No. 2266), more diatoms were 
recovered from the lung samples than from any other. The lung is 
obviously an important entry route for diatoms from the 
environment, whether from breathing diatom laden aerosol, or toy 
taking in sea water during normal swimming or diving activities.
4.5.3 In general, there were more diatoms in the liver than in 
the brain, with the exception of Seal No. 2272 (Table 18). There 
were more diatoms in the liver of Seal No. 2266 than there were 
in the lung. A reduced circulation as a result of the diving 
reflex could result in the deposition in the liver of diatoms 
carried in the bloodstream. The deposition would toe increased toy 
diatoms toeing trapped in small blood vessels and capillaries 
which contract because of the diving reflex. The brain, toeing 
served by a continued blood supply, would not toe so susceptible 
and diatoms could toe "washed through".
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4.5.4 Seals live in an often hostile environment, and it is 
likely that many actually drown. The incidence of "near-drowning" 
is prcbably high, which would affect the numbers of diatoms found 
in an individual. A seal which had several narrow escapes might 
be expected to have more diatoms in its organs than a seal which 
had not had such an adventuresome life.
4.5.5 Diatoms from the seals's environment are rarely found in 
the bone marrow. The single cells of Actinoptychus senarius and
found in the bone marrow of Seal No. 2266 
were the only diatoms in the organs of all five seals which could 
be so ascribed. The paucity of diatoms in this organ may have 
considerable bearing on the numbers of diatoms to be expected in 
bone marrow from drowned human subjects.
4.6 OCNCLUSICNS.
4.6.1 Diatoms from the marine environment pass into the lung, 
liver and brain of seals during life.
4.6.2 Although there are exceptions, more diatoms are present
in the lung than in the liver, and more in the liver than in the 
brain of seals.
112
4.6.3 Diatoms from the marine environment pass into the bone 
marrow infrequently during life.
4.6.4 The overall significance of these findings is that if a 
living individual is exposed to diatoms, then diatoms will enter 
the body. The more diatoms in the environment, the more will be 
recovered. Humans are normally not exposed to as many diatoms in 
their environment and consequently will support a substantially 
lower number in their organs.
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DIATOMS m  DROWNED SUBJECTS
And fearful the death of the diver must be.
Sleeping alone, sleeping alone.
Sleeping alone in the depths of the sea.
Douglas Thompson, The Diver.
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5.1 INTRODUCTION
5.1.1 The presence of diatoms in the organs of individuals 
who are found dead in water has been used to diagnose death by 
drowning for many years (Revenstorf (1904), Calder (1984)). An 
uncritical acceptance of the "diatom test" is unwise however, 
since the occurrence of diatoms in the organs of non-drowned 
subjects has been reported by many authors including Spitz (1963) 
and Schellman and Sperl (1979). The presence of diatoms in non­
drowned subjects, and the species which are frequently recovered 
from them has been described above.
Diatoms that frequently occurred in the organs of non­
drowned subjects were Cyclotella comta, Hantzschia amphioxys, 
Melos ira granulata and Pinnularia borealis, which are all 
freshwater forms. H.amphioxys and P.borealis are also very often 
found on soil, damp walls and other aerial habitats. Fragments of 
Coscinodiscus spp.. are found in the majority of organs, and the 
appearance of these fragments suggests an origin from fossil 
material associated with many domestic products such as polish, 
soundproofing etc (Peabody, (1977)).
5.1.2 When the organs of drowned subjects are examined, it is 
of vital importance that diatoms which may have entered the body
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during life be recognised as such, and excluded from further 
consideration.
5 *2 Materials ^ nd_j&2thods
^"2"^  Organ samples were accumulated from subjects who,
in the opinion of the pathologist conducting the post-mortem 
examination, had drowned. Most of these samples originated from 
the southern parts of England and Wales, and were from subjects 
who had drowned in rivers, reservoirs, canals and the sea.
Pathologists were asked to supply 1 0 0g samples of brain, 
liver and lung, together with an entire femur from each subject, 
but this proved to be an unrealistic objective. The femur is not 
normally examined if there is no doubt of the diagnosis of 
drowning, and consequently was not always available.
Nine brain and liver samples and 12 lung samples were 
submitted, together with 14 femurs. In addition, 3 kidneys were 
supplied. These 47 samples were taken from 19 drowned subjects. 
(Table 24).
5.2.2 All organ samples were treated using the method 
descibed fully above. One hundred grams of brain, liver and lung 
were freeze dried, charred at 250eG and ashed at 550°C, whilst 
10g of bone marrow were defatted in cyclohexanone, charred and 
ashed. The mineral ash remaining after this treatment
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Table 24
Numbers and types of organs submitted
Subject No. Brain Liver Lung Marrow
131 + + + +
126 + + + +
138 + + + +
144 + + + +
149 + + + +
146 + + + +
153 + + +
154 + + +
133 + +
136 + +
150 +
151 + +
125 +
127 +
130 +
137 +
141 +
142 +
143 +
9
—
12" " " "14
+ 
+
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was dissolved by successive treatments with concentrated 
hydrochloric and sulphuric acids. Every effort was made to 
exclude contamination, and clean new apparatus was used for each 
sample. All reagents were passed through membrane filters before 
use and blank reagent controls were made.
5.2.3 All diatoms recovered from the organs were examined 
microscopically at x500, and where necessary identified at xlOOO 
using oil immersion. The identification of species was made using 
standard works and keys including Hustedt (1930a,b), Hendey 
(1964) and Patrick and Reimer (1966). Identification of species 
in the taxonomically difficult genus Stephanodiscus was made 
according to Hakansson (1976 and 1981).
5.3 Results
5.3.1 The lungs. In cases of drowning the lungs come into 
contact with particulate material in the drowning medium, and 
would therefore be expected to have a high level of diatom 
content relative to other internal organs. This is generally the 
case (Table 25), and Subject 144 who drowned in a brackish water 
bay had nearly 12000 cells in 100g of lung. In cases where a 
control sample of water is not submitted, or where it would be
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Table 25
Total numbers of all diatoms in all samples
Subject No. Brain Liver Lung Marrow Kid]
125 4
126 8 4 136 2
127 5
130 8
131 8 3 47 9 10
133 5 179
136 0 2
137 4
138 88 89 2200 1
141 4
142 1
143 80
144 15 29 11850 7
146 10 23 64 1
149 1929 8 182 3
150 28 3292
151 367 6 30
153 0 18 181
154 24 8 361
TOTALS 2087 182 15597 135
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inappropriate, then the diatoms in the lungs may be taken as a 
representative sairple of the drowning medium.
5.3.2 A control sample of water from either the drowning locus 
or from where the body was found may be inappropriate for several 
reasons. The body may be found several months after drowning, or 
at a site distant from the drowning locus. In these cases a 
control sample of water from the place where the body is found 
may have little similarity in diatom content to the diatoms 
present when the subject drowned, and its examination may be 
misleading. The diatoms in control samples of water are only 
significant when the locus and time of drowning are known, and 
when undue time does not elapse between drowning and taking the 
control sample.
5.3.3 Other organs. With one exception, the diatom content of 
brain, liver and bone marrow was considerably lower than that of 
the lungs. The numbers of diatoms recovered from the femoral bone 
marrow of drowned subjects was particularly low.
5.3.4 With the exception of the liver from Donor 136, all the 
samples contain diatoms to varying degrees. The mere presence of 
diatoms in the organs of those presumed drowned is not
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confirmation that drowning has occurred, since diatoms are 
frequently found in the organs of the non-dr owned.
Table 26 excludes those diatoms which may have entered the 
body during life, and which should therefore be disregarded. 
These diatoms are Pinnularia borealis, Melos ira granulata, 
Hantzschia amphioxys, Coscinodiscus fragments and unidentified 
fragments. The remaining diatoms could therefore have originated 
from the drowning medium, but some apparent anomalies may 
indicate otherwise.
5.3.5 Table 27 excludes all those cells eliminated in Table 
26, as well as the anomolous cells. Only those cells found in the 
lung of the drowned subject and also found in the other submitted 
organs are shown.
5.4 The Drowned Subjects.
The diatoms found in several of these drowned subjects are 
summarised in Tables 28-38.
5.4.1 Diatoms in Subject No. 125.
A femur was available from this subject, a female who 
drowned in the R. Tame near Manchester. Five diatoms were 
recovered, Coscinodiscus sp. fragment (1), Synedra sp. in girdle
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Table 26
Diatom totals excluding Coscinodiscus sp, Pinnularia borealis, 
Hantzschia amphioxys, Melosira granulata, 
and unidentified fragments.
Subject No. Brain Liver Lung Marrow Kidney
125 1
126 4 0 132 1
127 0
130 1
131 0 3 7 1 4
133 5 173
136 0 2
137 2
138 31 4 2152 0
141 3
142 1
143 34
144 2 5 7795 0
146 4 11 32 0
149 1860 3 123 0
150 10 3289
151 353 0 19
153 0 11 157
154 16 4 315
TOTALS 1922 41 11251 44 3312
% REMAINING 92% 22% 72% 33% 99%
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Table 27
Diatoms found in drowning
Subject No. Lung Liver
126 132 0
131 7 3
133 173
136 2 0
138 2152 3
144 7795 5
146 32 7
149 123 3
150 10
151 353
153 157 11
154 315 2
11251 34
mean 937 3.7
N.B. Seven subjects are exc]
available.
lung and also in other organs
Brain Marrow Kidney
4 1
0 4 4
5
30 0
2 0
1 0
74 0
129
0 17
0
14
130 5 150
14.4 0.7 50
d, there being only a femur
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view (1), and unidentified pennate fragments (3). The single cell 
of Synedra might have originated from the river water but the 
remaining three cells (or fragments) were likely to have been 
introduced into the body during life.
5.4.2 Diatoms in Subject No. 126.
Brain, liver, lung and a femur were available from this 
subject, a young man who had been trapped in a car which had 
driven into a tidal creek near Portsmouth. One hundred and forty 
nine diatoms were recovered from these organs (Table 28)
The diatoms in the lung reflect the brackish water of the 
drowning site, being a mixture of marine forms (e.g. Biddulphia 
spp. ) and freshwater forms (e.g. Diatoma elongatum). Freshwater 
species were less common than marine species. Species 
particularly associated with a brackish water environment were 
present (e.g. Melosira nummuloides and Thalassiosira 
fluviatilis). The commonest diatoms in the lungs were Cocconeis 
scutellum and Navicula plicata, but Navicula spp., Nitzschia 
spp., Achnanthes longipes and Thalassiosira fluviatilis were also 
well represented.
Achnanthes longipes (1), Cocconeis scutellum (2) and Navicula 
plicata (1) were found in the brain. These species were also 
found in the lung, and were likely to have been introduced to the 
organs from the drowning medium.
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Table 28
Diatoms from drowned subject No.126
Diatom
Achnanthes longipes 
Actinoptychus senarius 
Anchor a sp.
Biddulphia aurita 
rhombus 
Cocooneis scutellum 
Coscinodiscus sp. (entire 
Coscinodiscus sp. (frags) 
Çyclotella kutzingiana 
Diatoma elongatum 
Diplaneis bombus 
Grammatcphora marina 
Ge oceanica
Gyrosigma balticum (frag) 
Melosira granulata 
M. nummuloides 
Meridion circulars 
Navicula plicata 
Navicula sp.
Nitzschia acuminata 
obtusa 
punctata 
Nitzschia sp.
P^relia sulcata 
Pinnularia borealis 1
Pleurosigma angulatum (frag) 0 
Podosira stelliger 
Bhaphoneis anphiceros 
Bhppalodia gibberula 
Stauroneis sp.
Synedra affinis (frag)
S. gaillonii (frag)
S. ulna (frag)
Thalassiosira fluviatilis 
Unidentified fragments
TOTALS ------
Brain Liver Lung Marrow
1 0 6 0
0 0 4 0
0 0 2 0
0 0 5 0
0 0 1 0
2 0 30 0
0 0 2 0
1 3 5 0
0 0 1 0
0 0 3 0
0 0 3 0
0 0 5 0
0 0 1 0
0 0 1 0
2 0 0 0
0 0 4 0
0 0 1 0
1 0 11 0
0 G 10 0
0 0 3 0
0 0 2 0
0 0 2 0
0 0 7 0
0 0 7 0
1 0 0 0
) o 0 1 0
0 0 2 0
0 0 3 0
0 0 1 0
0 0 1 0
0 0 1 1
0 0 1 0
0 0 1 0
0 0 9 0
0 0 0 1
8 3 136 2
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The remaining 4 cells or fragments found in the brain, i.e. 
Melosira granulata (2), Pinnularia borealis (1) and fragments of 
Coscinodiscus sp. (1 ) were likely to have been introduced into 
the brain during life, as were the fragments of Coscinodiscus sp. 
(3), found in the liver.
The single fragment of Synedra af finis and an unidentified 
fragment found in the femoral bone marrow were also likely to 
have been introduced into the marrow during life.
5.4.3 Diatoms in Subject No. 127
A femur was available from this subject who was a male 
thought to have drowned in the Seine. Five fragments of 
Coseinodiscus sp. were found in this femur. No other diatoms were 
found, and it is likely that these diatom fragments were 
introduced into the body during life.
5.4.4 Diatoms in Subject No. 130
A femur was available from this subject, a male. This femur 
contained 5 fragments of Coscinodiscus sp., single cells of 
Melosira granulata and a silicoflagellate, and an unidentified 
fragment. It is likely that all these cells or fragments entered 
the body during life.
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1.1.1 Diatoms in Subject No. 131
Brain, kidney, liver, lung and femur were available from this 
subject, a male.
The lung sample contained 46 diatoms or fragments, 
Coscinodiscus sp. fragments (18), Frag il aria sp. fragments (4) 
and unidentified pennate fragments (24) (Table 29). The 
Fragilaria sp. fragments are not typically airborne, and could 
therefore have originated from the water in which the body was 
found.
The low numbers of diatoms in the lungs with a possible 
water-borne origin is reflected in the numbers of diatoms 
recovered from the other organs. All the 8 diatoms in the brain 
could be considered to have an air-borne origin, and of the 3 
cells in the liver, only 2 cells of Nitzschia frustulum were 
likely to have had their origin in the water in which the body 
was found. Stephanodiscus astraea, of which one cell was found in 
the liver, is a commonly occurring diatom in the organs of non­
drowned subjects, and in air-borne samples.
With the exception of Paralia sulcata (3) and Nitzschia sp. 
fragments (1 ), the diatoms from the marrow were likely to have 
originated during life.
1.1.2 Diatoms in Subject No. 133
Lung and brain were available from this subject, a male.
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Table 29
Diatoms from drowned subject No.131 
Diatom _ .
Coscinodiscus sp. (entire) 1^ er Marrow Kidneys a a n a - ' — > s ? »  s s
Fragilaria sp. 0 n ° 1 0
Hantzschia anphioxys -i n ^ 0 0
Melosira granulata 0 ° ° 0 i
Nitzschia frustulum n o  ^ 0
0 o 0° 0° ?
Pinnularia borealis 2 n ° 0 3
Stephanodiscus sp. 0 , 0 2 0
:  0°  i  o o°
128
The lung sample contained 179 diatom cells and fragments 
(Table 30). Oocccneis pediculus, Fragilaria virescens, Melosira 
varians, ^viculajcr^ocephala and fragments of Synedra_ulna 
were the most common diatoms. The diatoms in the lung were 
entirely freshwater in origin, and there were no obvious fossil 
forms. There was a single cell of Hantzschia amphioxys and 4 
cells of M^ s i r a  granulata_. The remaining cells in the lung were 
most likely to have originated from the drowning medium.
Five cells were recovered from the brain, Çyclotella 
jS^^giana (1 ), Navicula^ryp^ephala (2 ), Stephanodiscus 
â^Laea (1) and Surirella ovata (1 ). With the exception of 
^traea, these diatons were also found in the lungs, and were 
likely to have originated from the drowning medium.
1.1.3 Diatoms in Subject No. 136
Lung and liver sanples were available from this subject, a 
male who died whilst fishing from a sea-side beach in South 
Vfeles. The man, who had a history of cardiac complaints, was 
found dead in the water.
The lung contained but two diatoms seen in girdle view, a 
single cell each of Epithemia sp. and Surirella sp. Neither of 
these diatoms was present in the sample of water from the scene, 
which contained marine, brackish and a few freshwater diatom 
species. Epithemia and Surirella species are freshwater diatoms.
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Table 30
Diatoms from drowned subject No. 133
Diatan Brain Lung
Amphora perpusilla 0 3
Cocconeis pediculus 0 16
Çyclotella meneghiniana 0 2
C. kutzingiana 1 2
Cymatopleura solea (frags) 0 1
Cymbella sinuata 0 1
C. ventricosa 0 3
Cymbella fragments 0 1
Diatoma vulgare 0 8
Fragilaria construens 0 8
F. pinnata 0 9
F. virescens 0 15
Frustulia vulgaris 0 1
Gomphonema angustatum 0 4
Gyrosigma sp. (frags) 0 3
Hantzschia amphioxys 0 1
Melosira ambigua 0 3
M. granulata 0 4
M. varians 0 19
Melosira sp. 0 2
Navicula atomus 0 1
N. cincta 0 1
N . cryptocephala 2 17
N. minuscula 0 2
Nitzschia dissipata 0 3
N. frustulum 0 5
N. sigmoidea (frags) 0 6
Nitzschia sp. 0 6
Nitzschia sp. (frags) 0 7
Pinnularia viridis (frag) 0 1
Stephanodiscus astraea 1 0
Stephanodiscus sp. 0 8
Surirella ovata 1 4
Synedra ulna (frags) 0 11
Unidentified pennate frags 0 1
TOTAL ^ 5 179
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There were no diatoms found in the liver, and it is unlikely 
that this man drowned. His death is more likely to be 
attributable to his history of cardiac complaints, and it was 
circumstance that found him in or near water at the time of a 
fatal collapse.
5.4.8 Diatoms in Subject No. 137
The femur only was available from this subject, a male. This 
man had been beaten, rolled up in bedding, and thrown into the R. 
Croale. He was probably unconscious and moribund on entry into 
the water.
Four cells were found in this femur, 2 cells each of 
Pinnularia viridis and Hantzschia amphioxys. In the absence of 
other samples from other organs, the origin of the cells 
P.viridis were not determined.
5.4.9 Diatoms in Subject No. 138
Brain, liver, lung and a femur were available from this 
subject, a 2 year old boy suffering from Down's syndrome who 
drowned in a garden pond.
The lung sample contained more than 2000 diatoms, the 
majority of which were those to be expected in small ponds (Table 
31). The commonest diatoms were Achnanthes minutissima, Cocconeis 
placentula, Epithemia adnata, Fragilaria construens, and
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Table 31
Diatoms in Drowned subject No. 138
Diatom T .
Achnanthes minutissima 0 0“
Actinoptychus senarius O n  a
Cocconeis placentula o o
Coscinodiscus sp. (frags) 23 41
Çyclotella kutzingiana 0 0 a
Epithemia adnata 3 0 376
Fragilaria construens 18 0 1080
F. pinnata 0 1 20
Gomphonema acuminatum 0 0 4
G* angustatum 0 0 16
C. constrictum 0 0 4A
Hantzschia anphioxys 0 q a
Melosira granulata 26 37 t
Navicula atanus 0 0 3?
Ne cryptocephala 2 0 39
sse? s g :
Nitzschia palea 1 1 36
Ne sinuata 5 1 136
N: sigmoidea (frags)O 0 32
Nitzschia sp. (frags) 0 1
Paralia sulcata % q
Pinnularia borealis 2 0
Silicoflagellate (frag) 1 0
Synedra ulna (frags) 0 0
Ihidentified pennate frags 7 6
TOTALS 8 8 ------ 89-
0
0
0
0
4
0
2200
Marrow
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
T
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Nitzschia sinuata. F.construens is a colonial diatom, and many of
the cells occurring in the lungs were still associated in 
colonies.
Of the 8 8 diatoms recovered from the brain, 31 were 
considered to have originated from the drowning medium. Most of 
these diatom species were also found in the lung. Epithemia 
adnata (3), Fragilaria construens (18), Navicula cryptocephala 
(2), N. pellucida (1), Nitzschia palea (1) and N. sinuata (5). F. 
construens was present as undissociated colonies of up to 7 
cells. There was a single silicof lagellate cell in the brain. 
Silicoflagellates are often found in fossil deposits.
Most of the diatoms recovered from the liver were either 
fossil or airborne forms, e.g. Ooscinodiscus sp. fragments (41), 
Melosira granulata (37) and Pinnularia borealis (2). Several 
species originating from the drowning medium e.g. Fragilara 
pinnata (1), Nitzschia palea (1) and N. sinuata (1) were present 
in both the lung and liver.
The femur contained but one fragment of Coscinodiscus sp.
5.4.10 Diatoms in Subject No. 141
The femur only was available from this subject, and 4 diatoms 
were recovered, Coscinodiscus sp. fragments (1), Çyclotella 
meneghiniana (1) and Fragilaria sp. (2). C .meneghiniana and 
Fragilaria sp. could have originated from the drowning medium, 
but in the absence of other organs no conclusions can be drawn.
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5-4.11 Diatoms in Subject No. 142
femur only was available from this subject, and a single 
fragment of Coscinodiscus sp. recovered from it. This fragment is 
likely to have entered the body during life.
5.4.12 Diatoms from Subject No. 143
m e  femur only was available from this subject, a male. From
this femur were recovered 80 diatom cells or fragments, an
exceptionally high number (Table 25). Half of these were
G^modiscus sp., represented either by entire cells (6 ) or by
fragments (34). Fragments of a diatan identified as Thalas_sionem
nitzschioides (28) and entire cells of Actinoptychus senarius (6 ) 
were also found.
T^niteohioides is frequently found as plankton in European
seas, particularly in the North Atlantic (Hustedt 1930b). Its
presence here and its absence from any of the other samples
examined from droned subjects would indicate an origin from the 
drowning medium.
However, the high numbers of this and other diatoms is 
(Table 25), and cannot be properly explained in the 
absence of samples from other organs. T.nitzschioides was absent 
from the reagent control.
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5.4.13 Diatoms from Subject No. 144
Sanples of brain, liver, lung and a femur were available from 
this subject, a male who drowned in brackish water in South 
Wales.
The lung sample contained in the region of 12000 diatoms, of 
which 4600 were Coscinodiscus sp, present either as entire cells 
or fragments (Table 32). Their presence in such large numbers 
would seem to rule out an airborne origin, and fragments of 
Coscinodiscus spp. are indeed a feature of sea water samples. 
However, it was impossible to discern the origin of these cells 
with any certainty, because the appearance of the cells from the 
lung and those from a water sample from the scene was 
indistinguishable from fragments of Coscinodiscus sp. occurring 
in airborne samples.
The remaining species found in the lung reflect the brackish 
water nature of the scene, with marine and freshwater forms both 
present.
Considering the large numbers of diatoms recovered from the 
lung, relatively few diatoms were found in either the brain or 
liver. A single cell of Achnanthes sp. was found in each of the 
samples of brain and liver as well as in the the lung. The liver 
contained 3 cells of Paralia sulcata and 1 cell of Podosira 
stelliger. Both these species were also found in the lung.
There were 4 fragments of Coscinodiscus sp. and 3 
unidentified pennate fragments in the marrow. No other diatoms 
were found.
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Table 32
Diatoms in Drowned subject No.144
Diatom
Achnanthes sp. 
Actinoptychus senarius 
Biddulphia sp.
Ghaetoceros sp. (frags) 
Cocconeis scutellum 
Coscinodiscus sp. (entire) 
Coscinodiscus sp. (frags) 
Diploneis sp.
Hantzschia anphioxys 
Navicula spp.
Nitzschia spp.
Paralia sulcata 
Pinnularia sp. (frag)
Pieurosigma angulatum 
Podosira stelliger 
Khabdonema sp.
Unidentified pennates 
Unidentified pennates (frac
TOTAL =
Brain Liver Lung Marrow
1 1 280 0
0 0 55 0
0 0 280 0
0 0 115 0
0 0 520 0
0 0 860 0
10 18 3580 4
0 0 55 0
0 2 0 0
0 0 1670 0
0 0 280 0
0 3 580 0
1 0 0 0
0 0 55 0
0 1 55 0
0 0 920 0
0 0 2480 0
1 3 4 115 3
15 29 11850 7
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5.4.14 Diatoms found in Subject No. 146
Brain, liver, lung and femur were available from this 
subject, a young male. This subject had drowned in the 
Mediterranean, and had been embalmed in Spain before being 
shipped home to the United Kingdom.
The lungs contained 64 diatoms (Table 33), half of them being 
either airborne or fossil forms (Table 25). The remaining 32 
diatoms were mainly freshwater species, with the exception of 
Diploneis incurvata (2) and Paralia sulcata (1). The commonest 
diatom was a species of Navicula (10) which almost always 
presented in girdle view.
Ten diatoms were recovered from the brain, of which 6 were 
either airborne or fossil forms which were likely to have entered 
the body during life. The remaining 4 diatoms were Çyclotella 
ocellata (1), Stephanodiscus dubius (1 ) and Trachyneis aspera 
(2). C. ocellata also occurred in the lung. T. aspera is a marine 
diatom, the other two are freshwater species.
The liver contained 23 diatom cells or fragments, of which 12 
were either airborne or fossil forms. Of the remaining 11 cells, 
Çyclotella ocellata (2) and Navicula sp. (5) also occurred in the 
lung. Marine forms were represented by Cocconeis disculus (2) and 
Dimerogramma sp. (1). A single cell of Achnanthes minutissima was 
present, but this species was not found in the lung.
The marrow contained a single call of Meridion circulare, a 
diatom usually associated with clean, upland streams.
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Table 33
Diatoms in Drowned subject No. 146
Diatom Brain Liver Lung Marrow
Achnanthes minutissima 0 1 0 0
Amphora oval is 0 0 1 0
Cocconeis disculus 0 2 0 0
Coscinodiscus sp. (frags) 2 3 7 0
Çyclotella ocellata 1 2 4 0
Dimerogramma sp. 0 1 0 0
Diploneis incurvata 0 0 2 0
Fragilaria ?lapponica 0 0 2 0
Fragilaria sp. 0 0 9 0
Hantzschia amphioxys 3 1 1 0
Melosira granulata 1 0 5 0
Meridion circulare 0 0 0 1
Navicula sp. 0 5 10 0
Paralia sulcata 0 0 1 0
Pinnularia borealis 0 0 6 0
Surirella ovata 0 0 1 0
Synedra affinis (frag) 0 0 1 0
S. ulna (frag) 0 0 1 0
Stephanodiscus dubius 1 0 0 0
Trachyneis aspera 2 0 0 0
Unidentified fragments 0 8 13 0
TOTALS 10 23 64 1
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This subject had been embalmed, but no information or sample 
of the embalming fluid was available. Some of the diatoms found 
in these samples may have been introduced into the body as 
contaminants of the embalming fluid, e.g. fragments of 
Gosciiradiscus sp. and some of the unidentified fragments. Thus 
the embalming process introduces a large element of uncertainty.
5.4.15 Diatoms found in Subject No. 149
Samples of brain, liver, lung and femur were available from 
this subject, a female aged 40 drowned in the R.Thames.
The lung contained 182 diatoms, mainly freshwater in origin 
(Table 34). Fragments of Coscinodiscus sp. were the most common, 
but freshwater diatoms e.g. FrH ^ria_cmstruens (10), F L 
lapponica (6 ) and Navicula sp. (139) were well represented. 
Marine species e.g. Achnanthes brevipes (1 ), Actinoptychus 
senarius (6 ), Ba^laria^radma (6 ), Navicula forcipata (4),
(13) and ^Ë£^°aeAl_a^ b 3^ eros (5) were also 
present. This mixture of freshwater and marine diatoms is typical 
of a large tidal river like the Thames.
The brain was atypical in relation to the other samples 
investigated. Large numbers of Ste^iodisçus sp. were present, 
in particular S^hantzsdiii, followed by S. dubia and S. astraea. 
No cells of any Stephanodiscus sp. were found in the lung, liver 
or narrow, and their presence in the brain is problematical. The 
reagent control was negative.
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Table 34
Diatoms in Drowned subject No. 149
Diatom
Achnanthes brevipes 
A. hauckiana
A. lanceolata
Actinoptychus senarius 
Amphora veneta 
Amphora sp.
Asterionella fonrosa 
Bacillaria paradoxa v
Cairpylodiscus noricus (frags)3 
Ghaetoceros sp. (frags) 
Cocconeis placentula 
C. scutellum
Coscinodiscus radiatus 
Coscinodiscus sp. (frags) 
Çyclotella comta 
C. striata
Diploneis smithii 
Fragilaria construens
F. lapponica
F. pinnata 
Gomphonema angustatum
G. olivaceum
Melosira granulata 
Navicula avenacea 
N. cryptocephala
N. forcipata
N. gracilis
N. gregaria
N. meniscus
Navicula sp.
Navicula sp. (frags)
Brain Liver Lung Mar:
0 0 1 0
6 0 4 0
12 0 0 0
3 1 6 0
0 0 3 0
0 0 2 0
3 0 0 0
0 0 6 0
i 0 0 0
0 0 2 0
12 0 0 0
0 0 6 0
27 1 8 0
18 2 50 2
6 0 1 0
3 0 0 0
0 0 1 0
0 0 10 0
0 1 6 0
0 0 4 0
0 0 1 0
6 0 0 0
0 0 0 1
18 0 0 0
3 0 1 0
0 0 4 0
6 0 0 0
18 0 3 0
3 0 2 0
0 0 13 0
0 0 5 0
continued
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Table 34 (cont)
Nitzschia pandur i formi s 0 0 3
N. punctata 0 0 1
N. sigmoidea (frags) 6 0 0
N. vermicular is 6 0 0
Nitzschia spp. 30 0 0
Nitzschia spp. (frags) 12 0 0
Paralia sulcata 0 0 13
Pinnularia borealis 6 0 0
Pinnularia sp. (frags) 0 1 3
Pieurosigma aestuarii 0 0 2
P • elongatum 0 0 1
Rhabdonema minutum 0 0 2
Rhaphoneis amphiceros 15 0 5
Stephanodiscus astraea 9 0 0
S. dubia 36 0 0
S. hantzschii 1614 0 0
Surirella ovalis 3 0 0
S. ovata 0 0 1
Synedra affinis (frags) 0 0 4
S. ulna (entire) 6 0 0
S. ulna (frags) 15 0 1
Unidentified fragments 18 2 11
TOTALS 1700 8 182
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
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Whatever the origin of these Stephanodiscus cells, they do 
not appear to be related to the drowning medium, and therefore 
should be disregarded.
Diatoms present in the brain and lung included Navicula 
âL^aria (18), Kh cryptocephala (3), and N. meniscus (3). N L 
avenacea (18) was found in the brain but not in the lung.
Eight diatoms were found in the liver, but only Fragilaria 
J^pponica (1 ) could be said with any certainty to have derived 
from the drowning medium.
The femur contained Coscinodiscus sp. fragments (2 ) and 
Melosira granulata (1 ), neither of which were likely to have 
originated from the drowning medium.
5.4.16 Diatoms in Subject No. 150
Lung and kidney samples were available from this subject, a 
male.
The lung contained 28 diatoms, including Coscinodiscus sp. 
fragments (10) and Melosira granulata (3) (Table 35). A single 
cell of the soil diatom Navicula mutica var. cdhni was present.
On the other hand, there were many diatoms in the kidney, in 
particular Çyclotella comta, C. kutzingiana, C. meneghiniana, and 
C. ocellata. Qrclotella spp. account for over 80% of the diatoms 
recovered from the kidney. Cymbella prostrata, C. sinuata, C. 
tumida and C. ventricosa account for another 6%.
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Table 35
Diatoms in Drowned subject No. 150
Diatom
Achnanthes exigua
lanceolata 
Amphora ovalis 
Asterionella formosa 
Gocconeis pediculus 
Goscinodiscus sp. (frags) 
Çyclotella comta
kutzingiana 
G* meneghiniana
Ce ocellatav^^-L-LCl U d
Gymatopleura elliptica 
Cyiribella prostrata 
c* sinuata
G. tumida
G. ventricosa
Gomphonema augur 
Ge constrictum
Gyrosigne. acuminatum 
Gyrosigma sp. (frags) 
Hantzschia aitphioxys 
Melosira granulata 
Navicula gracilis 
N. mutica v. cdhnii
Navicula sp. (frag)
Nitzschia sigmoidea (entii 
Nitzschia spp. 
Rhoicosphenia curvata 
Stephanodiscus astraea 
Synedra vaucheriae
fragments
TOTALS
Kidney Lung
10 0
3 0
14 0
3 0
98 2
0 10
2730 2
105 1
17 0
7 0
3 0
98 0
7 0
10 0
56 0
3 0
3 0
3 0
3 0
3 0
0 3
10 0
0 1
0 1
2) 3 0
38 0
24 0
31 3
3 0
0 5
3292 28
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The disparity in numbers and types of diatom species between 
the kidney and lung suggest that drowning may not be a 
contributory cause of death. Other organs would need to be 
examined before any confident diagnosis was made, and no other 
samples were available.
5.4.17 Diatoms in Subject No. 151
Lung, kidney and femur were available from this subject, a 
male.
The lung contained 367 diatoms the commonest of which were 
Melosira varians (90), Stephanodiscus spp. (6 8 ), Cocconeis 
placentula (2 0), Fragilaria pinnata (16) and Diatoma vulgare (14) 
(Table 36). Most of these diatoms had their origin in the 
drowning medium (Table 25).
The kidney contained 30 diatoms, 19 of which probably derived 
from the drowning medium. Diatoms found in the kidney and brain 
include Cocconeis placentula (2), Fragilaria pinnata (6 ) and 
Stephanodiscus hantzschii ( 1 ), Rhoicosphenia curvata ( 1 ) and 
Goirphcnema olivaceum (2).
No other diatoms apart from fragments of Coseinodiscus sp. 
(4) and unidentified fragments (2) were found in the marrow.
There were sufficient similarities between the diatom species 
found in the kidney and those found in the lung to confirm death 
by drowning. The diatoms recovered from the femur were unhelpful
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Table 36
Diatoms in Drowned subject No. 151
Diatom
Achnanthes lanceolata 
Amphora ovalis 
Calcneis bacillum 
C. anphisbaena
Gocccneis pediculus 
G* placentula
Goscinodiscus normanni 
Goscinodiscus (frags) 
Gyclotella comta 
Gymbella turgida
ventricosa 
Diatoma vulgaris 
Eunotia sp.
Diploneis sp. 
Fragilaria pinnata 
Gomphonema constrictum 
G* gracile
G" olivaceum
Gyrosigma attenuatum 
Hantzschia amphioxys 
Melosira granulata 
M. varians
Meridion circulars 
Navicula avenacea 
N* gottlandica 
gracilis 
gregaria 
N. pupula
Navicula spp. (frags)
Kidney Lung Marrow
0 1 0
0 10 0
1 2 0
0 1 0
0 2 0
2 20 0
0 10 0
3 3 4
1 0 0
0 3 0
0 2 0
0 14 0
0 1 0
0 1 0
6 16 0
0 1 0
0 1 0
2 3 0
0 10 0
1 2 0
3 3 0
0 90 0
0 4 0
0 13 0
0 2 0
0 7 0
0 1 0
1 0 0
0 2 0
continued
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Table 36 (continued)
Nitzschia frustulum 0 3
N . sigmoidea ( frags ) 0 2
Nitzschia sp. 2 26
Pinnularia sp. 0 1
Rhoicosphenia curvata 1 16
Stephanodiscus astraea 0 12
S. dubius 0 38
S. hantzschii 1 18
Surirella ovalis 0 1
S. pinnata 0 2
Synedra ulna (entire) 0 2
Synedra fragments 2 9
Unidentified fragments 4 6
TOTALS 30 367 6
t
'O
O
O
O
O
O
O
O
O
O
O
O
O
146
in confirming this diagnosis, and it would have been better to 
have examined other organs. No samples of other organs were 
available.
5.4.18 Diatoms in Subject No. 153
Brain, liver and lung were available from this subject, a 60 
year old woman who drowned off the South Coast of England 
accompanied by Subject No. 154.
The lung contained 181 diatoms, the commonest species being 
Cocconeis scutellum (110), Nitzschia panduriformes (10) and 
Navicula cruciculoides (6 ) (Table 37). The other diatoms present 
in the sample were species typical of this habitat.
Diatoms deriving from the drowning medium and present in both 
the liver and the lung were Cocconeis scutellum (8 ) and Navicula 
cruciculoides (1 ).
There were no diatoms in the brain.
5.4.19 Diatoms in Subject No. 154
Brain, liver and lung were available from this subject, a 60 
year old man who drowned off the South Coast of England 
accompanied by Subject No. 153.
The lung contained 361 diatoms, the commonest species being 
Cocconeis scutellum (188), Grammatophora serpentina (22) and
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Table 37
Diatoms in Drowned subject No. 153
Diatom Brain Liver Lung
Actinoptytihus senarius 0 0 2
Cocconeis scutellum 0 8 110
Goscinodiscus sp. (entire) 0 0 2
Goscinodiscus sp. (frag) 0 3 4
Diatoma vulgare 0 0 2
Gramma tophora marina 0 0 4
Hantzschia amphioxys 0 2 0
Navicula abrupta 0 0 1
N. cancellata 0 0 2
N. cruciculoides 0 1 6
Navicula spp. 0 1 6
Nitzschia panduriformes 0 0 10
Pinnularia borealis 0 1 0
Podosira stelliger 0 0 2
Rhabdonema arcuatum 0 0 4
Surirella sp. (frag) 0 0 1
Synedra affinis (frag) 0 1 2
Trachyneis aspera (entire) 0 0 4
T. aspera (frag) 0 0 1
Unidentified fragments 0 1 18
TOTALS 0 18 181
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Table 38
Diatoms in Drowned subject No. 154
Diatom
Actinoptychus senarius 
Cocconeis scutellum 
Goscinodiscus rothii 
Goscinodiscus sp. (entire) 
Goscinodiscus sp. (frags) 
Diploneis bombus 
Diatoma vulgare 
Grammatophora marina 
Ge serpentina
Melosira westii 
Navicula abrupta 
N. cancellata
N. cruciculoides
N. monilifera
Nitzschia panduri formes 
Nitzschia spp.
Paralia sulcata 
Rhabdonema arcuatum 
Rhoicosphenia curvata 
Silicoflagellate 
Stauroneis anceps 
Synedra gaillonii 
S. ulna (frags) 
Triceratium antediluvianum 
Unidentified fragments 
TOTALS
Brain Liver Lung
0 0 10
9 2 188
0 0 4
1 0 4
1 2 16
0 0 0
1 0 0
0 0 1
0 0 22
0 0 8
0 0 8
1 0 2
0 0 16
0 0 1
1 0 6
0 0 1
5 0 32
1 0 0
0 0 4
0 0 1
0 1 0
0 0 2
0 1 0
0 0 2
4 2 26
24 8 ~ 361
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Table 39
Diatoms common to Nos. 153 and 154 
(No. 153 is recorded first)
Lung Li'
Actinoptychus senarius 2 0
10 0
Cocconeis scutellum 110 8
188 2
Goscinodiscus sp. (entire) 2 0
4 0
Goscinodiscus sp. (frags) 4 3
16 2
Grammatophora marina 4
1
Navicula abrupta 1
8
Navicula cancellata 2
2
Navicula cruciculoides 6
16
Nitzschia panduri formes 10
6
\
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Navicula cruciculoides (16) (Table 38). Nitzschia panduri forme s 
(6 ) was also present.
Paralia sulcata was present in the lung and brain of this 
subject, but absent from all the organ samples of Subject No. 
153. This diatom is a colonial form, but seems to break up 
readily into its component single cells. A filament or two may 
have entered the lungs of this subject, and not the lungs of 
Subject No. 153, accounting for this discrepancy.
Diatoms deriving from the drowning medium and present in both 
the brain and lung were Cocconeis scutellum (9) and Nitzschia 
panduri formes (1). The single cell of Diatoma vulgare (a 
freshwater species) entered the body during life.
Cocconeis scutellum (2 ) was present in both the liver and the 
lung. Stauroneis anceps is a typical soil diatom and entered the 
body during life.
These two subjects drowned together, and a comparison of the 
diatoms found in these subjects Nos. 153 and 154 is shown in 
Table 39.
5.4.20 Cell size
Not all diatoms found in drowned subjects were measured, but 
those which were demonstrate a wide size range (Table 40). The 
largest diatoms seen were entire cells of Coscinodiscus sp. up to 
83p in diameter. A small undissociated colony of Ifoahrfngema
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Table 40
Sizes of diatoms recovered from drowned subjects.
Diatom
Actinoptychus senarius 
Amphora ovalis 
Cocconeis placentula 
C. scutellum
Goscinodiscus sp frag. 
Goscinodiscus sp (entire) 
1 1, (diameter)
Gyclotella comta 
Diatoma vulgare 
Fragilaria lappcnica
F. pinnata 
Gomphonema abbreviatum
G. constrictum
G. olivaceum
Grammatophora marina 
Gyrosigma sp. frag 
Melosira westii 
Navicula abrupta
N. cancellata
N. cruciculoides
N. gregaria
N. monilifera
N. pupula
Size (jj)
52, 34 (diameter)
25x7, 16x5 
24x12, 23x14 
16x9, 15x9, 13x8, 10x7 
29x20, 16x10
83, 72, 58, 45,
14 (diameter)
45x13, 45x11
25x5
9x3
22x5
43x7
38x9
12x6
72x17
46 (diameter)
50x12, 40x12
70x14, 68x12
36x9
23x7
45x15
17x7
continued
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Table 40 (cant.)........
Navicula sp. entire 
41x10
Navicula sp. frag 
Nitzschia linearis 
N- panduri formes
vermicularis 
Nitzschia (tryblionellidae) 
Nitzschia sp. entire 
Nitzschia spp. frag 
Paralia sulcata 
Rhabdonema arcuatum 
Rhoicosphenia curvata 
Stauroneis anceps 
Stephanodiscus hantzschii 
Synedra affinis 
S« gaillonii frag
S- pulchella
S. ulna
S. ulna frag
Trachyneis aspera frag 
Unidentified fragments
58x13, 52x10, 47x13, 45x13,
16x5
117x11
30x8, 22x7
75x5
33x9
79x4
25x4, 32x4 
49 (diameter)
101x38, 63x15, 25x12
42x11, 25x6, 20x11, 20x11 
26x6
6 (diameter)
81x4.5, 77x4
57x8
38x6
100x6 , 86x6 
7x5, 6x5 
33x10
33x8, 22x10
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arcuatum reached 101px38p, tout other cells of the same species 
were rather smaller at 25pxl2p. As in the diatoms recovered from 
non-drowned subjects, many of the diatoms are long and narrow, 
and their smallest dimension is often less than 10p, e.g. Synedra 
affinis at 81px4.5p and 77px4p.
Many diatoms (especially fragments of Goscinodiscus sp. ) were 
substantially smaller than most of those referred to in Table 17, 
some of them being as small as 4p in their longest dimension.
5.5 Discussion.
5.5.1 Since diatoms are found in the organs of the non­
drowned, it is to be expected that they will be found in those of 
subjects who are known to have drowned. The problem is to 
distinguish between the diatom types and numbers found in non­
drowned subjects and those in drowned individuals.
5.5.2 Many of the drowned subjects considered above have 
diatoms present in the lungs, most of which are not the types met 
with in the lungs of non-drowned individuals, but which are 
species likely to be found at the drowning locus. If there are 
few diatoms in the lung (e.g. subject No. 136), it is likely that 
drowning did not occur.
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5.5.3 Thus the identification of the types of diatoms 
encountered in alleged drowning cases is of the utmost 
importance, in order that diatoms which may have entered the 
organs during life may be excluded. It is also necessary to 
exclude those cells which may originate from a contaminating 
source, and this should be done by reference to the diatoms in 
the lung.
5.5.4 The presence of diatoms of the same types in the lung 
and other organs, and which are not thought to have entered the 
body during life, is a good indication that drowning has 
occurred. Drowned individuals tend to have relatively high 
numbers of diatoms in the lung, and whilst low numbers of diatoms 
in the lung cannot be used to exclude the possibility of 
drowning, it becomes more important to establish the presence of 
species common to the lung and other organs. (Appendix 2). It 
is certainly possible to indicate whether drowning occurred in 
fresh water, brackish water or in the sea. It is also 
theoretically possible to identify more precisely the drowning 
locus from the diatoms in the lung of a drowned subject, but only 
if the body is recovered soon after drowning, probably two weeks 
at the most. In many cases it will not be possible to identify 
precisely the drowning locus, because of changes in the diatom
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comnunity at the scene caused by climtic fluctuations and other 
disturbances of the natural community.
5.6 Conclusions
5.6.1 Death by drowning can be diagnosed by the presence
of diatoms in the organs of drowned subjects. There are 
conditions which must be observed
1. Contamination risks must be kept to an absolute minimum. 
Glassware and reagents must be scrupulously clean. New glassware 
should be used, and then discarded or recycled to other uses.
2. All diatoms which may have entered the body during life 
must be identified and excluded from further consideration.
3. There must be similar diatom species in the lungs as are 
in the other organs.
5.6.2 If all these conditions are met, and if the diatoms are 
examined with care then the diagnosis of death by drowning nay be 
achieved.
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GENERAL DISCUSSION
In Natures infinite book of secrecy 
A little I can read.
Shakespeare, Antony and Cleopatra.
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6.1.1 The diagnosis of death by drowning by the presence of 
diatoms in the organs of those found dead in water has been 
widely discussed over many years. It has been both advocated and 
denigrated. Several factors have been instrumental in clouding 
the issue, not least the methods used, the presence or absence of 
diatoms in non-drowned subjects, and the experience and training 
of the operator.
These factors should be considered further.
6.1.2 Methods
For decades the preferred method of diatom extraction from 
organs has been acid digestion. This technique is a tried and 
trusted extraction method used by toxicologists, and which has 
been pressed into service almost uncritically by those interested 
in the diatom test. The possibility of contamination was not 
always excluded or even acknowledged and experienced diatomists 
are no exception in appearing to omit anti-contamination 
precautions. Foged (1983) is of the opinion that diatoms 
originating from drowning would not be recognised among the many 
diatoms found in the body which arrived there during life. He 
does not mention contamination, or taking any precautions which 
would exclude contamination. He found many diatoms (most of which 
were the same types in all organs), in the organs of 4 non-
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drowned subjects, including bone marrow. This runs counter to the 
results obtained above, and would suggest that there is a 
contaminating source influencing his results.
The results of any reported work on diatoms and drowning 
should be treated with scepticism unless there is full 
ackowledgement of the possibilities of contamination, and a 
record of the precautions taken.
No method is likely to eliminate contamination entirely, 
since diatoms are so small, easily transported and widely 
distributed. Some methods are more prone than others to 
contamination, e.g.acid digestion, whilst some which may be 
oetter in tnis respect are not as suitable for diatom extraction 
e.g.enzyme digestion.
The method described above i.e. freeze drying and ashing is 
suitable for the extraction of diatoms whilst at the same time 
minimising the risks of contamination.
6.1.3 Diatoms and the non-drowned
Some proponents of the diatom method have not found diatoms 
in the organs of the non-drowned, and have used this in support 
of their argument. For these workers, the diatom method is a 
valuable diagnostic tool. Opponents of the method have countered 
this argument with results showing the widespread occurrence of 
diatoms in the living body. This group of workers maintain that
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the diatom method is compromised, and should not be used in the 
diagnosis of drowning. It is impossible that both groups should 
be correct.
There is no evidence to suggest tnat the presence or absence 
of diatoms in the living human body is influenced by geographical 
location, although Dayan et al. (1978) have found this to be the 
case with monkeys. The human populations considered however, are 
in the main taken from either Western Europe or North America and 
do not have such a dramatic difference in habitat. Within this 
population however, some occupations such as fishermen or 
diatomite miners are exposed to more airborne diatoms than the 
norm.
There is no doubt that diatoms do occur in the living human 
body, and those who have reported their absence e.g.Neidhart and 
Greendyke (1967) have either not looked properly, or have simply 
failed to recognise diatoms. The recognition of diatom fragments, 
a common component of the diatom load of non-drowned subjects, is 
not easy, and inexperienced observers may not identify them as 
such. In the case of Neidhart and Greendyke (1967), this 
omission is compounded by failure to find diatoms in the air, 
tapwater or rainwater. It is almost inconceivable that all these 
different samples should be examined and not a single diatom be 
found. Some should be expected even if they are merely 
contaminants.
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6.1.4 The operator
The diagnosis of drowning is usually made by a pathologist, 
who is certainly the most likely person to be asked for a 
decision. There are few experienced diatomists to whom the 
pathologist can turn, and the examination of the extracted 
diatoms may fall into less experienced hands. With the exception 
of Ebged, Geissler and Gerloff, and Hendey, the task of diatom 
identification has not necessarily been given to a diatomist. 
Diatom identifications are sometimes inaccurate (Dell'Erba, 1960; 
Otto, 1961; Porawski, 1966; Thomas et al. 1963) and in some 
cases the diatoms illustrated do not appear to be diatoms at all 
(Tabbara and Derobert, 1962).
The identification of diatoms is a critical and difficult 
area, and as such is not a matter for the neophyte. It should not 
be entered into lightly. Hendey (1973) said "it would be 
advantageous if the pathologist availed himself of a specialist 
in this group of organisms."
In addition, the drawing of conclusions on the validity or 
otherwise of the diatom test based on the experience of one or 
two putative drowning cases has been sadly prevalent. Although 
judgements are made in good faith, many do not stand up to 
rigourous examination. The problem for the enquirer is to decide 
in which authors to confide trust, and which must be questioned.
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6.2 THE CURRENT POSITION OF THE METHOD
This work has been undertaken to clarify the diatom test for 
the diagnosis of death by drowning, and how it might affect the 
pathologist, forensic scientist and coroner.
6.2.1 The presence of diatoms in the body of a subject found 
dead in water is insufficient evidence by itself to support a 
diagnosis of drowning. At least some of these diatoms may have 
entered the body during life through inhalation of airborne cells 
or through ingestion. Contamination of reagents or reaction 
vessels and containers should also be considered as possible 
sources of diatoms found in the assemblage of diatoms extracted 
from the organs.
6.2.2 Many of the diatoms entering the body during life are 
consistently present, and so can be recognised. Airborne forms 
include Hantzschia amphioxys, Melosira granulata and Pinnularia 
borealis. Fragments of Goscinodiscus sp. which probably have a 
fossil origin are also widely present in the organs of the non- 
drowned. These diatoms must be excluded from any further 
consideration. The examination of the organs of seals shows that 
diatoms can be distributed throughout the body, and it is certain 
that diatoms are distributed in the same fashion in humans.
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6.2.3 Drowned subjects typically have a great many diatoms in 
the lungs, although this need not always be the case, 
particularly if diatoms are scarce in the drowning medium. It is 
necessary to show the presence in the other organs of at least 
some of the same species as those found in the lungs. The number 
of these diatoms is usually small relative to those found in the 
lung.
6.2.4 The occurrence of a large number of diatoms in either 
the brain, or liver may lead one to suspect contamination rather 
than drowning, and all the organs available should be examined. 
It is very important that the diatom species involved in these 
apparently anomolous occurrences are identified and compared with 
those diatoms occurring in the lungs.
6.2.5 Few diatoms were found in the bone marrow, and therefore 
this sample is not recommended for examination.
6.2.6 The kidney appears to sustain a larger number of diatom 
cells, probably because of its filtering function, and therefore 
the presence of diatoms originating from the drowning medium may 
be obscured. It is still possible in some cases to identify 
diatoms cells which have originated from the drowning medium, and 
the examination of the kidney should be made if a sample is
available. It vrould generally be unwise however, to make a firm
diagnosis on the basis of diatoms recovered from the kidney 
alone.
6-2.7 Hendey (1973) mistakenly insists on a sample of water 
from the drowning site to be examined at the same time as the 
organs. If the body is recovered soon after death, and there is 
no doubt as to the time and place of dreaming, then the diatoms 
m  the relevant water sample should indeed be the same types as 
might be found in the lung. If so much infornation is available, 
there may be no clear requirement for the diatom test to be 
carried out in the first place.
If, cm the other hand, the body is discovered some days or 
weeks after death, the drowning locus nay be an unknown distance 
away and also separate! by an uncertain length of time. A river 
or lake is a complex association of microhabitats, and there is 
little benefit to be gained from comparing the diatoms from where 
aie body vas eventually found with the diatoms in the body, when 
the spatial and temporal differences are unknown.
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CONCLUSIONS
Here is my journeys end, here is my butt. 
And very sea-mark of my utmost sail.
Shakespeare, Othello.
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7.1 CONCLUSIONS
1. Freeze drying followed by charring and ashing is an acceptable 
technique for the extraction of diatoms from bulk samples of 
organs. Contamination risks are minimised.
2. Using this method, the recovery of diatoms from organs is 
approximately 80-90%.
3. The presence of diatoms in the organs of a subject suspected 
of having drowned is not necessarily proof that drowning has 
occurred.
4. Diatoms are normally found in the organs of non-drowned human 
subjects. These diatoms are typically either airborne soil 
species, or fossil fragments. They are present consistently, and 
can be recognised as cells likely to have entered the body during 
life.
5. All cells of Hantzschia amphioxys, Melosira granulata and 
Pinnularia borealis should be excluded from further 
consideration, together with all fragments of Coscinodi scus spp.
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These cells and fragments are likely to have entered the body 
during life rather than from the drowning medium.
6. Diatoms freely enter the living bodies of seals which are 
constantly exposed to diatoms in the atmosphere and in their 
diet.
7. The femoral bene marrow in both humans and seals was not a 
recipient of diatoms from the drowning medium, and need not be 
examined. Brain, kidney and liver all receive diatoms from the 
drowning medium.
8. Diatoms found in the lung of a putative drowned subject should 
be compared with those found in either the brain, kidney or 
liver. The number of diatoms recovered from the brain, kidney or 
liver with an origin from the drowning medium is usually small.
9. Throughout the process of extraction and subsequent 
identification, the possibility of contamination by diatoms 
unrelated to the drowning incident must be constantly borne in 
mind.
10. The identification of the diatoms recovered from the organs 
should be made by an experienced diatomist.
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11. With care, and in the hands of an experienced diatomist, a 
reliable diagnosis of death by drowning based upon the presence 
of diatoms in the organs can be made.
12. It is essential that the pathologist removing samples for 
examination by the diatom method recognise the possibility of 
contamination during the sampling stage. For example, samples of 
organs should be taken directly from the body and put into 
separate containers. Gloves used during this process should be 
changed or washed between samples.
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APPENDIX 1
M
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8.1 INTRODUCTION
8-1-1 Sample preparation for microscopical examination is an 
important routine operation in many disciplines. Countless 
numbers of different samples are processed by workers of varying 
experience, using many different techniques. The simplicity of 
many of these preparative techniques may engender complacency, 
and the use of these techniques with unquestioning faith by 
successive generations does not encourage improvement.
8.1.2 The forensic scientist, though not necessarily 
complacent, is heir to a very simple method of preparing and 
mounting many materials, namely, by drying. This technique is 
commonly used by the operational scientist for preparing slides 
of spermatozoa, vaginal epithelial cells and for particulate 
material such as diatoms, and has been widely used by 
microscqpists since Leeuwenhoek.
8.1.3 This simple process has inherent dangers, but 
improvements may be made which involve only minor changes in 
technique and the exercising of patience.
8.1.4 The problem first came to light when the standard 
suspension of Didymosphenia geminata used in the testing of the
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extraction method, showed a significant variation in the numbers 
on each slide. This could only be due to some factor in the 
preparative technique. Further investigaticai revealed that this 
factor vsqs the temperature of the drying plate used to dry the 
slides.
8.1.5 In addition, when diatoms from the standard suspension 
were washed and centrifuged, the numbers recovered were even 
lower than expected. Cells appeared to be either lost in the 
discarded supernatant, or remained adhered to the side of 
glassware.
8.1.6 Apart from Mitchell (1980) who reported an apparent 
loss of diatom cells from three slides because of differences in 
drying temperature, the problem does not seem to have received 
any previous attention. The possible loss of material through 
drying slides on a hot plate (an elementary and widely used 
technique) should be an important consideration in a wide variety 
of fields where microscopy is used routinely. An examination was 
therefore made of the effect of drying temperature on diatoms, 
Didymosphenia geminata in particular.
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8.2 MATERIALS AND METHODS
8.2.1 A standard suspension of the acid-cleaned diatom 
Didymosphenia geminata (Lyngbye) M. Schmidt was prepared 
containing approximately 35 cells per 25pl, conveniently measured 
as one drop from a pasteur pipette (Bilbate short form pipette). 
The same batch of pipettes was used throughout to measure out the 
drops, to maintain comparability. The diatom D. geminata is a 
heavily silicified, large diatom up to 125p long. It is easily 
seen and counted at low magnifications .There is no information 
available as to whether large diatoms such as D. geminata are 
more likely to be lost than smaller diatom species.
8.2.2 Sixteen drops of diatom suspension were washed and 
centrifuged in either acetone or water. The diatoms were then 
recovered from the centrifuge tube and dried on microscope cover 
slips at either 100°C or 33 °C. The slips were mounted in Naphrax 
(Northern Biological Supplies Ltd, Martlesham Heath), and counted 
at a magnification of xl60.
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8.3 RESULTS
8.3.1 The effect of temperature on the time taken to dry a 
single drop of water at three different temperatures, compared 
with the time taken to dry 16 drops of water is shown in Table 
41.
8.3.2 Table 42 shows the effect of temperature on drying 
diatom cells at 100°C and 33°C. There was a 25.2% decrease in 
the mean number of cells on slides dried at 100°C from those 
dried at 33°C. A _t test showed this loss to be statistically 
significant. The effect of temperature is also seen in the slides 
made from a water washed suspension, where there was a 31% 
decrease in the slides dried at 100°C from those dried at 33°C 
(Table 43), and in the slides made from an acetone suspension 
where there was a 22% decrease (Table 44). These losses were also 
found to be statistically significant.
8.3.3 Using Fisher's test for analysis of variance on the 
diatom data, the effect of temperature and the effect of washing 
treatment were both highly significant. For both of these 
parameters, the significance of F was less than 0.001. (Table 
45).
173
Temperature 
100 °C 
33 °C
Room Temperature
Table 41
Drying times
1 Drop 
10 secs. 
15 mins.
2 hr.
16 Drops 
1 min. 30 secs 
45 mins.
4 hr. 30 mins
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Table 42
Numbers of diatoms recovered from the standard suspension dried
at 100°C and 33°C
100° 33
1 509 1 784
2 437 2 628
3 443 3 437
4 197 4 342
5 370 5 355
6 376 6 449
7 470 7 602
8 464 8 411
9 447 9 815
10 467 10 770
we ^9
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Table 43
Numbers of diatoms recovered following washing in water, 
and drying at 100°C and 33°C.
100° 33°
1 337 1 498
2 254 2 524
3 280 3 460
4 385 4 458
5 316 5 232
6 268 6 605
7 361 7 597
8 397 8 481
9. 257 9 401
10 427 10 524
328 478 MEANS
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Table 44
Numbers of diatoms recovered following washing in acetone, 
and drying at lOQPC or 33°C.
100° 33°
1 87 1 280
2 257 2 202
3 104 3 216
4 226 4 313
5 64 5 534
6 261 6 335
7 314 7 371
8 362 8 214
9 196 9 254
10 457 10 281
233 300 MEANS
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Table 45
Significance of comparisons
Values
Comparison 
Standard (33°C) and Standard (100°C) 
Standard (33°C) and Water wash (33°C) 
Standard (33°C) and Acetone wash (33°C) 
Standard (100°C) and Whter wash (100°C) 
Standard (100°C) and Acetone wash (100°C) 
Vfeter wash (33°C) and Whter wash (100°C) 
Vfeter wash (33°C) and Acetone wash (33°C) 
Water wash (100°C) and Acetone wash (100° 
Acetcxie wash (33°C) and Acetone wash (100
of p
p values Significance
0.05>p>0.02 Significant
0.5>p>0.1 Not significant
0.0]>p>0.001 Significant
0.02>p>0.01 Significant
0.01>p>0.001 Significant
0.01>p>0.001 Significant
0.01>p>0.001 Significant
0.05>p>0.02 Significant
0.5>p>0.1 Not significant
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8.3.4 The fate of these lost diatom cells was investigated, 
toy placing microscope slides coated with glycerine jelly around a 
diatom suspension drying at 100°C. Large numbers of diatoms were 
recovered from adjacent slides showing that diatoms were being 
lost from the drying suspension.
8.3.5 The effect of washing and centrifugation can be seen by 
comparing the mean number of cells recovered at 33 °C from the 
standard (Table 42), a water suspension (Table 43) and an acetone 
suspension (Table 44). Washing in water resulted in a mean 
decrease of 14% which was not statistically significant, but 
washing in acetone resulted in a decrease of 46% which was 
significant.
A combination of washing in acetone, and drying the slide at 
100°C resulted in more than half of the cells being lost.
8.4 DISCUSSION
8.4.1 Clearly cells may be lost because of the drying 
procedures, particularly so if the diatoms are evaporated onto 
the cover slip from an acetone suspension. Because small numbers 
of diatoms may be present in some drowning samples, the examiner 
cannot afford to lose any potential evidence . Whilst the results 
of these simple experiments may seem (with hindsight) to be
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obvious, the fact remains that slides are routinely dried at high 
temperatures before mounting, if only to decrease the time taken 
to prepare slides for microscopy.
8.4.2 The results indicate that high temperatures should be
avoided for drying purposes. Room temperature, whilst the least 
drastic, is also the least efficient in terms of time. Drying at 
33°C whilst still being subject to seme cell losses, is probably 
more acceptable than room temperature in terms of time, and is 
therefore a suitable compromise.
8.4.3 Cells and particulate material may, on the evidence of
these results, be thrown off the slide and contaminate 
neighbouring areas. It is important, therefore, that slides 
should be separated whilst drying, lest material from one slide 
be incorporated with material from another.
8.4.4 The results also show that washing and centrifugation 
of diatoms can result in a significant loss of cells, but that 
the use of water is less likely to result in cell loss than is 
the use of acetone.
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8.5 aOflOjUSIONS
8.5.1 Slides should not be dried at high temperatures, i.e.
100°C. Lower temperatures, between room temperature and 330C, are 
more efficient for cell recovery, although less efficient in 
terms of time.
8.5.2 Slides should not be placed in close proximity to each
other during drying, since the drying process tends to throw 
material off the slide which may land on neighbouring slides. The 
use of lower temperatures ameliorates this effect.
8.5.3 Particulate material should be washed in water rather 
than in more volatile liquids, even though the time taken for 
drying is longer, especially at the lower temperatures 
recommended.
APPENDIX2
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APPENDIX 2 
An example of a Drowning Case
9.1.1 A boy of 10 was reported missing from the home of his
grandmother, who he had been visiting. Four days later, his body 
was found in a nearby river not far from his grandmother's house.
9.1.2 The body was examined in situ by a Home Office 
pathologist who later conducted a post-mortem examination. The 
following injuries were found by the pathologist:
1. Haemorrhage into the peritoneal cavity.
2. Multiple ruptures of the spleen.
3. Bruises to the left side of the lower chest overlying the
eighth rib.
4. Ligature marks around the neck.
5. Over inflation of the lungs with frothy mucus.
6. Petechiae on the forehead around the eyes, heart and lungs.
7. Lacerations and bruises inside the mouth.
Following the post-mortem examination, a murder enquiry was 
put into motion.
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9.1.3 The pathologist asked that the organs be examined for
the presence of diatoms. The body had been found in the river,
and although severe injuries were present, drowning could not be 
excluded as a cause of death.
Samples of brain, kidney, liver and lung were submitted, as 
well as two sections of femur approximately 3" and 4" long. Three 
water samples from the river were also submitted.
9.1.4 The samples of brain, liver, kidney and lung were 
treated by the freeze drying/ashing method described above. The 
kidney sample was half of the organ and weighed 50g. One hundred 
grams of the other organs were used. Approximately 15g of bone 
marrow was defatted and treated according to the method above.
9.1.5 Diatoms were found in the brain, kidney, liver and lung 
sanples, (Tables 46-49), including several also found in the 
river water sample (Table 50). A summary of the diatoms found in 
the organ samples (excluding Hantzschia amphioxys, Coscinodiscus 
sp. fragments and unidentified fragments) is given in Table 51.
9.1.6 The lung contained many diatoms, and only a sample of 
200 cells was counted to establish the commonest forms (Table 
49). Navicula a venae ea, Rhoicosphenia curvata, Cocconeis 
placentula and Diatoma vulgare were the most common species, and
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all these species were also found in the kidney and in the river 
water. The species found in the kidney (Table 48) were very 
similar to those found in the lung, but there were considerably 
fewer cells in the kidney.
9.1.7 Diatoma vulgare and Navicula avenacea were found in the 
river water and also in the liver and brain samples, and 
Rhoicosphenia curvata was found in the river water and in the 
brain.
9.1.8 There were 17 species in common between the river water 
and the lungs, 14 species in common between the river water and 
the kidney, 6 species in common between the river water and the 
brain and 5 species in common between the river water and the 
liver.
9.1.9 The large number of diatoms present in the lungs, and 
the presence in the organs of diatoms also found in the river 
water indicate that drowning should be considered as a cause of 
death.
9.1.10 A copy of the statement sent to the investigating 
officer is included in this Appendix. Identifying names have been 
omitted from this copy.
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Table 46 
Diatoms in the Brain
Coscinodiscus fragments 2
Diatoma vulgare 2
Fragilaria sp. 2
Gomphonema olivaceum 4
Navicula avenacea 1
Rhoicosphenia curvata 4
Synedra ulna fragment 1
Unidentified fragment 1
TOTAL 17
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Table 47
Diatoms in the liver
Coscinodiscus fragments 6
Diatoma vulgare 1
Hantzschia amphioxys 1
Navicula avenacea 6
Gyrosigma fragment 1
Nitzschia (Tryblianellidae) 1
Nitzschia sp. i
Pinnularia ?viridis frag. 1
Surirella ovata l
Unidentified fragment 1
TOTAL 20
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Table 48
Diatoms in the kidney
Amphora ovalis 1
Cocconeis placentula 13
Coscinodiscus fragments 15
Diatoma vulgare 5
Gomphonema abbreviatum 1
G. cons trie turn 1
G. olivaceum 1
Melosira varians 2
Navicula avenacea 19
N. gregaria 4
Nitzschia linearia frag. 1
N. sigmidea frags. 2
N. (Trybionellidae) 1
Nitzschia sp. 1
Pinnularia subcapitata 1
Rhoicosphenia curvata 16
Surirella ovata 1
Synedra affinis 2
S. pulchella 2
Unidentified fragments 12
TOTALS 101
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Table 49 
Diatoms in the lung
Amphora ovalis 3
Cocconeis placentula 12
Cyclotella conta 1
Diatoma vulgare 10
Gomphonema abbreviatum 1
G. olivaceum 1
Melosira varians 4
Navicula avenacea 123
N. gregaria 8
Nitzschia linearis 1
N. sigmoidea frag. 1
Nitzschia spp. 3
Rhoicosphenia curvata 21
Surirella ovata 8
Synedra pulchella 3
TOTAL 200
also present:
Fragilaria sp.
Gyrosigma sp.
Navicula gracile
Pinnularia subcapitata
Small Stephanodiscus/Cyclote 11a spp.
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Table 50
Diatoms in the river water sanples
Airphora ovalis 
Cocconeis placentula 
Cyclotella comta 
Diatoma vulgare 
Fragilaria sp.
Gomphonema olivaceum 
Melosira varians 
Navicula avenacea 
N. gregaria
Nitzschia linearis 
N. sigmoidea
N. (Tryblionellidae )
Pinnularia subcapitata 
Rhoicosphenia curvata 
Stephanod iscus astraea 
Surirella ovata 
Synedra pulchella
S. ulna
Small Stephanodiscus/Cyclotella sp.
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Table 51
Diatoms occurring in the river water and organs, excluding 
Hantzschia amphioxys, Coscinodiscus fragments, and 
unidentified fragments.
Diatom River Lung Liver Brain Kidney
Amphora ovalis + + +
Cocconeis placentula + + +
Cyclotella comta + +
Diatoma vulgare + + + + +
Fragilaria sp. + + +
Gomphonema abbreviatum + +
G. ccnstrictum +
G. olivaceum + + + +
Gyrosigma sp. + + +
Melosira varians + + +
Navicula avenacea + + + + +
N. gregaria + + +
Nitzschia linearis + + +
N. sigmoidea + + +
N. (Tryblionellidae) + + +
Pinnularia subcapitata + + +
Rhoicosphenia curvata + + + +
Stephanodiscus/Çyclotella + +
Surirella ovata + + + +
Synedra affinis +
S. pulchella + + +
S. ulna + +
nu LAB 4/9
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LAB.
REF.
STATEMENT OF WITNESS
(Criminal Justice Act, 1967, ss. 2, 9., M.C. Rules 1968 r.58)
STATEMENT OF Anthony John PEABODY
Age of witness (if over 21 enter "over 21") O v e r 21
Occupation of witness S en io r S c ie n t i f i c  O f f ic e r
Home Office Central Research Establishment, Aldermaston, READING RG7 4PN
This statement (consisting of page(s) each signed by me) is true to the best of my knowledge 
and belief and I make it knowing that, if it is tendered in evidence, I shall be liable to prosecution 
if I have wilfully stated in it anything which I know to be false or do not believe to be true.
Dated the 6th day of June 1985.
Signature  ____________________  .___________
Anthony John Peabody says: I am a Bachelor of Science, a Master of 
Science and a Member of the Institute of Biology.
On the 12th April 1985 the following items were received at this 
laboratory from Det. Con. A of the B  Constabulary
RCB1 Water Sample 1 - River
RCB2 Water Sample 2 - River
RCB4 Water Sample 4 - River
SJ39 Lung Tissue - From J.S.
SJ43 Liver - From J.S.
SJ44 Kidney - From J.S.
SJ45 Sternum - From J.S.
SJ47 Bone Sample - From J.S.
SJ48 Piece of Lung - From J.S.
SJ49 Brain Tissue - From J.S.
I have examined the water samples (RCB1, 2, 4), the liver (SJ43), 
the kidney (SJ44), the bone sample (SJ47), the brain (SJ49) and 
the lung (SJ48) for the presence of micro-organisms known as 
diatoms.
Diatoms are commonly found in all types of water, and were found 
in all three water samples from the river (RCB1, 2 and 4).
I found many diatoms, of the same types as those found in the river, 
in the lungs of J.S. (SJ48). Several diatoms, also of the same 
types were present in the liver (SJ43), kidney (SJ44) and brain 
(SJ49). I did not find diatoms in the bone sample (SJ47).
HOLAB 4/A/
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STATEM ENT OF WITNESS -  Continuation Sheet REF.
When a person drowns in water containing diatoms, the diatoms enter 
the lungs and are distributed to other body organs via the blood 
stream. The presence of diatoms in the organs, of the same types 
as those found in the lung and the surrounding water, shows that 
J.S. was alive on entering the water and that drowning must be 
considered as a cause of death.
I have nothing of obvious significance to report on the articles 
(SJ39) and (SJ45).
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